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Chapter 1 

General: The goal of these problems are to reinforce the definitions and provide an 
understanding of the mole balances of the different tvpes of reactors. It lavs the 
foundation for step 1 of the algorithm in Chapter 4. 

Pl-1. This problem might encourage students to get in the habit of vvriting dovvn 
what they learned from each chapter. 

Pl-2. Small open-ended question from vvhich one could choose one or two parts 
Parts (a), (b) or (e) are recommended. 

Pl-3. This problem use Example 1-3 to calculate a CSTR volume. It is straight 
forvvard and gives the student an idea of things to come in terms of sizing 
reactors in chapter 4. An altemative to Pl-11 and Pl-12. 

Pl-4. Alternative to Pl-3, Pl-11, and Pl-12. See Pl-3 above. 

Problems Pl-5, Pl-6, and Pl-7 revievv the definitions given in the chapter. 

Pl-8. This problem can be assigned to just be read and not riecessarilv to be 
vvorked. It vvill give students a flavor of the top selling chemicals and top 
chemical companies. 

This problem vvill be useful vvhen the table is completed and the students 
can refer back to it in later chapters. Ansvvers to this problem can be found 
on Professor Susan Montgomery's equipment module on the CD-ROM. See 

Pl-10. Many students like this straight forvvard problem because they see how CRE 
pnnaples can be applied to an everyday example. It is often assigned as an 
m class problem and part (g) is usually omitted. 

Problems Pl-11 and Pl-12 show a bit of things to come in terms of reactor sizing. 
Can be rotated from year to year with Pl-3 and Pl-4. See Pl-3 above. 

Pl-13. Asks for details of operation of an industrial reactor. 

Pl-14. Encourages and requires the student to go outside the text for information 
related to CRE. May be a bit early in the text to assign this problem. 

Pl-15. Encourages and requires using other sources to obtain information. 

Pl-16. Encourages using other sources to obtain information. 

Pl-17. I strongly recommend this problem be assigned. It can be used in 
conjunction with Problem Pl-9. Professor Susan Montgomery has done a 
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great job pulling together the material on real reactors in her eauipment 
module on the CD-ROM. 

Pl-18. I always assign this problem so that the students will learn how to use 
POLYMATH/MatLab before needing it for chemical reaction eneineerine 
problems. 

Pl-19. As the WWW becomes more developed, it may be more and more 
important to assign this problem. 

CDPl-A Similar to problems 3, 4, 11, and 12. 

CDPl-B Points out difference in rate per unit liquid volume and rate per reactor 
volume. 
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Solution 


Pl-l 

Pl-2(b) 


Assigned 
O 
AA 


Alternates 
2(a),2(d),2(e) 


Difficultv 
SF 


Time 
15 


Given 

No 

c&d Yes 


Pl-3 


AA 


3,4,11,12,A* 


FSF 


30 


Yes 


Pl-4 
Pl-5 
Pl-6 
Pl-7 
Pl-8 
Pl-9 
Pl-10 


AA 

I 
I 
I 

O 
O 


3,4,11,12,A 
- Read Only 


FSF 

SF 
FSF 


30 

5 

60 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Pl-11 


AA 


3,4,11,12,A 


FSF 


30 


Yes 


Pl-12 


AA 


3,4,11,12,A 


FSF 


30 


Yes 


Pl-13 
Pl-14 


I 
S/G 








Yes 

No 


Pl-15 


S/G 








Partial 


Pl-16 
Pl-17 


S/G 




SF 


45 


Partial 
No 


Pl-18 






SF 


60 


Yes 


Pl-19 
CDPl-A 


I 
AA 


3,4,1 1,12,A 


FSF 


30 


No 


CDPl-B 


I 




FSF 


30 





Assjgned. 

• = Always assigned, AA = Always assign one from the group of alternates, 
O = Often, I = Infrequently, S = Seldom, G = Graduate level 
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Alternates 

In problems that have a dot in conjunction vvith AA means that one of the 
problem, either the problem vvith a dot or any one of the alternates are always 
assigned. 

Time 

Approximate time in minutes it vvould take a B/B + student to solve the 
problem. 

Difficultv 

SF = Straight forvvard reinforcement of principles (plug and chug) 

FSF = Fairly straight forvvard (requires some manipulation of equations or an 

intermediate calculation). 
IC = Intermediate calculation required 
M = More difficult 
OE = Some parts open-ended. 



*Note the letter problems are found on the CD-ROM. For example A s CDPl-A. 
Summary Table Ch-1 



Revievv of Definitions and 
Assumptions 


1,5,6,7,8,9 


Introduction to the CD-ROM 


17,18,A 


Make a calculation 


10,11,12,13 


Open-ended 


14,15,16 


Straight forvvard 


2(b),3,13 


Fairly straight forvvard 


4,11,12,B 


More difficult 


10 
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Chapter 1 

Pl-1 No solution will be given. 
RI_2 

(a) Reactants might not be hot enough to react. 

(b) Plot Cost vs. Volume on log-log paper. Use this graph to generate an eauation for 
cost as a nincŭon of volume. 

In (Cost) vs. In (Volume) 



♦ 




^><^+ 




• ^-^ 




y = 0.2901x + 9.4932 







4 6 

In (Volume) 



From this we generate the equation : Cost = 1 3, 270( V)° s 
We can use this equation to find the desired prices: 
For a 6000 gallon reactor : Cost = 1 3, 270(6000)° ~ = $ 1 65, 400 
For a 15,000 gallon reactor : Cost = 13,270(15,000) 0J9 = $215,740 



(c) 
(d) 



0.23 min O.OOIC^ 



For Constant Pressure: 



r _±__!_ = ±i_CA_)_dC A _ C_dV 
A V dt V dt dt + V dt 

_ dC A C A 

* A ~ ~~~ + ~7~7TT~~, — r wtV,cos(wt) 
dt V + V,sin(wt) 

^^ff^^s^af-*" " he/shc "^ **-*• a 



For * CSTR, «ojutioa (Sl-3) ij 



So tl. firtt .q»»tioa b.coa.s 



,i..a ta.t C A . o.! y * - „ d« 3 /.ia . ad k . 0<23/ , ia> 

_ C AO » - 0.1 C., 



-^fll , JLii . 9(io to!z«U»j, 



O.li " 0.23/« ia " 3»l-3 lit.r. 



Ta. CSTB 



« l.rj.r tasji ta. piaj fiow i 



= tor for ta.s. coadition». 



Solution 

Reaction: A > B 

Problem: Detennine titne to reduce the number of moles of A to 1% 

of its initial value. 
Mole Balance: (constant volume, batch reactor) 

^ = r A V 
dt 
Rate Law. (first order) 

-f» = kC A , where k=.23/min and C A = -^- 
Therefore, -r A «k—A. 
Combine: 

dN 



■'- ,„' . r flnO.Oll 
(0.23/min) L J 

t = 20.0 min. 



(Solution by J.T. Santirŭ, Jr.) 



i-< 



The assumptions made in deriving che design equation for a batch reactor are: 

- closed system: no streams carrying mass enter or leave the reactor 

- no spatial variation in system properties 

The assumptions made in deriving the design equation fbr a CSTR. are: 

- no spatial variation in concentration, temperature, or reaction rate through the vessel. 

The assumptions made in deriving the design equation for a plug-flow reactor are: 
• steady state 

- no radial variation in propenies of system. 

The assumptions made in dcriving the design equation for a packed-bad reactor are: 

- steadysute 

- no radial variation in properties of system. 

-r A * is the rate of disappearance of species A per unit mass (or area) of catalyst [=] moles / (time- 
mass catalyst). r A " is the rate of formation of species A per unit mass ( or area) of catalyst [=] 
moles / (time-catalyst). -r A is an intensive quantity, in that it is a function of the conceniration. 
temperature. pressure. and the type of catalyst ( if any). and ts defined at any jjojni within the 
reactor. An extensive quantity is a property which is obtained by summing up the propeities of 
indmdual subsystems within the total system; in this sense, -r A "is independent of the 'exienr of 
the systcm. 



General Mole Balance: 

fJN: f 

For a CSTR, there is no accumularion. Also, assume well mixed, so that there is no spatial 
variation in the reactor. The mole balance simplifies to: 

O^F^-Fj+r^V 
The rate of reaction based on volume is related to the rate of reaction based on catalvst weight by 
the bulk catalyst density p,,. The reactor volume and catalyst weight arc also related by a similar 
equation. 

- r j=Pb«rr;) 
W = Vp b 
Combining and rearranging the last three equations gives the equation for a "fluidized" CSTR: 



(Solution by J.T. Santini, Jr.) 



I-Ĝ 



£1-1. Mole b»l«aee oa species j is : 

r v Hl 

F. - F. * r.dV - -rf- 

jo j J o 1 dt 

l»t M. - mol. wt. of speeiet J 

, , (aoles) (m»»s) 
ft "7jO M j " 'j t-1 (>.i>.) (mole) """ 



flo» r»co of J iato the resetor; 



N.M. - Bj [-1 (aoles) 7^7 - =«* oC sp.cie. j ia ta. resctor 

!Iultiplyia| Eqa. (1-4) »7 II^ 



»ad aotiat ta»t H ii eoast»at: 



I. J r .4T - J r .H.dT 
Or. upoa sabstitatioa iato Eqa. (1-4») 



dN. d(M.n.) 
j dt dt 



F io«i - ? j !I i * J M i s i dV " ĥ c: W •*<•,' 

V «b^ 

'io " V * J Yj dV " "dT 1 



pi-8. No solution will be given. 
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Pl-10 

Given: Los Angeles Basin: A = Basin area = 2 x 10 10 ft 2 , Hj = Inversion height = 2000 ft, 
V = 4 x 10 13 ft 3 . Basin may be considered 'well-mixed'. 

v wind from Mojave Desert T = 75 °F and P = 1 .0 atm 
Fco.a = CO emission from autosF C0 ,s = CO in Santa Ana wind 
Ycoa = 0.02 Cc 0-S = 2.04 x 10 10 lbmol/ft 3 

V A = 3000ft 3 /caratSTP C = number of cars = 400,000 

1. N B = no. of lb moles gas in svstenr 

P„V _ (l.0atm)(4xl0 13 ) 



RT (0.7302 atmftVlbmol^Rj^SS^R) 

2. 

f co.a = yco.A V A C = (0.02 molCO/molgasX3000scf/hxcarX400,OOOcarsXlbmol/390.66scf ) 
f co.a = 6- 143x10* lbmol/hr 

3. v = wind speed = 15 mph W = corridor width = 20 miles 

v„ = vWHj = (lSmph^^Omiles^^OOOft^S^SOft/mile) 2 
v =1.67xlO ,3 ftVhr 

4. 

F cos = v oCco^ = (2.04x10-'° lbmol/ft 3 )(l.67xl0 13 ft 3 /hr) 
Fco^ = 3.407 x 10 3 Ibmol/hr 

5. CO Balance: Input to LA Basin from cars = F co > . from the Santa Ana wind = Fcos; 
Output = v Cco, where Cco = Concentration of CO in Basin. 



- o. c m - C 



JL" 



F CO.A + F COJ ~ V o C CO ~ V . 

co Q ; ro«rr»afiag aad iatejrttias above 

o _r_ /co.a^co.s " T o C C0 . 



J v v 



V r r C0.A' r C0.S 

T o *C0.A *C0»S 



Pl-lO(confd) 

"• At 3 pp«. C CQ - 2.04xl0 _8 lb »ole/ft 3 ; 



»t 2 pp», C 



CO 8 



x 2.04x10' 



•8 Ibaole 



, - 0.51xl0~ 8 lb mole/ft 

t . <x!0 13 f. 3 ..* 
1.67xl0 : 



la(A) v&ere 



«.«85x10* ItaU . 3 .407xl0 3 IteU . 2 . 04xao -« 1*^ ^ 167x1qX3 ^ 



6.685x10* ilgU . 3 . 407xl0 3 Ib^ ^,^-. 

6.6S5xl0 4 +3.407xJ.0 3 -.S517xl0 5 ^" 1.492 1 **• 



~1 
x 1.67xl0 13 -tt- 



NO.A 



" Soj 



For NO: 

2 * C NO,A " 3 - 84 -*-0~* 1» «ole/ft 3 . . F, 

F NO.A " 3 - 84 xJ-°- 6 1* »ole/ft 3 x 3000 ft J /hr.c*r 
x 400,000 utt - 4.608xl0 3 lb mole/hr 
3. t^ - 1.67xl0 13 ft 3 /hr (»» is for CO) 

*• F A0.S * ° ( «i"-^ 

5. NO materiil balaacs becomes . -ita F. 



dt So.o ' 



NO.S 
0.5 ppa « 



^ 22 * X 2.04x10"' 
8pym 



" N0>0 - .1275xl0~ 8 lb mole/ft 3 
6. Solatioa to D.E. ii ao» 



*H0.1 " Vi» ' 



i-|0 



Pl-lO(confd) 
7. Tio lo-»e» 



of NO oecuts wboa ti»t t*kaa »»»r br tao wi»d : 



ju*t b«l*nced br ti»t producod b y tb.o wto«. i.«. **•» 

T.hma\e 

t^SSL « . C . F NO,A _ J.SOSzlO 3 . br_ „ 2 . 759xl0 -10 lŭULl 

dt ° * ' So.SS t o i.ST^lO^ft 3 /^ ft 3 

with C N0 - 0.1 „. - V^af x i.O**""' lb»ole/ft 3 - 1.55xlO- X ° **jj** 

It i* *.«a tb*t tii* i* T«" ta»a. C^o^s- •*• Ti. coneeatritioii of NO will 
bctk re.cb. 0.1 pp» oaloss L.A. ' * driTiaj asbits *re «ltered. 



pi-n. Solution 

Reactiorv: 



->B 



constant volumetric flowrate; isothermal; cononuous now 
reactor 
F A o=5-0 mol/hr, v o =10 dm 3 /hx > C Ao =0.5 mol/dm 3 



(a) -r A =k, withk=0.05> 



mol 



CSTR 

F -F. 
Mole Balance: V = — ■— 



Rate Law. 
Combine: V = 



— r A 

= k = 0.05 

F, 



hx dm 
0.01F A 



Ji 



»aslY 



.0.99) 



~{°^) 



Volume of the CSTR= 99.0 dm 3 



I 



\-n 



Pl-U(cont'd) 

PFR 



dF A _ 



Mole Balance: — ±- = r A 

- n , mol 
RateLaw. -r A -k-0.05— ^ 

Combine: -7^- = -- 

^ hrdnVj 

Volume of PFR=_9_____ 3 

(b) -r A =kCA, with k=0.0001 s* 1 

C5TR v 

Mole Balance in terms of concentration: v = _ f 

RateLaw -rA=kC A 

f 10 -5il\o.99) 
v a (C Ao -0-01C AO ) _ l hr J 

= k ( o.oi)(c AO ) " (&2fi)aoi)[2gij 

V = 2750dm J ' 



Combir.e: V 



PFR 



Mole Balance in terms o£ concentratioru 
RateLaw. -r A =kC A 

v 0.01C_ 

r v o r dc A 

Combine: I dV = — — J -^— 
c_ 



f lOdmM 
».(", 0- 0^C Ao l ______________ ln(O.Ol) 

k_ ~ĉ^T (____»Y ____!) 



s A hr j 



Volume of PFR=I____dm 3 



\av 



L 



(c) TA-kC A 2 ,withk«3.0 ^ 

molhr 



Mole Balance in terms of concentraŭon: V = v «( C a»~ c a) 
RateLaw: -r A =kC A 2 A 

cc mtoe: V .'JS~Z™$~1. (a "( loi £) 

k(00IC -' F^lH^i 

Volume of CSTR= 66.000 dm^ 

PFR 

Mole Balance in terms of concentratioru $£*. = I*. 

dV v D 
Rate Law: -r A =kC A Z 

•fi 



f 3 .o- d ^_Y .5-512L 
V molhrjV dm 3 

Volume of PFR=660 dm 3 



-[-99.0] 



(Solution by J.T. Santini, Jr.) 
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Solution _ 

isothcmud; well-mixed; constant voiume batch reactor 
V=20 dm 3 , N Ao =20 moles 

(a) -r A =kC A , with k=0.865 min" 1 

Mole Balance: (constant volume batch reactor) 

dt 
RareLaw. -r A =kC A 

Combine: — -- ■ -^C* 

V 1 C f dC t 

I - c _~ 

t = _L_L_i_____ 

(b) -r A =kC A *, with k- 2dm . 



Mole Balance: — — = 

dt 
RateLaw: -r A =kC A 2 



(iac -----kC. 1 

d: 

f - 1 C f dC A 

J dt= -lJĉ7 

C_ 

_jT J_ __J _ r 2dm' VT f O.OS mol V 1 ( H mol VH 
t= _[ C A ~C A .J "\molTiunJ [v dm 1 J A dm J ) J 



(c) Assume Ideal Gas Equation Holds 

Temperature = 127*C = 400K (constant because isothermal) 

Volume = 20 dm 3 (constant) 

Inidal Total Moles = 20 

Fuial Total Moles = 40 (reacdon goes to compledon) 

dm 3 •atm 

GasCor_t_r„-0.082-—- ir 



Irutial Pressure: 

_ n RT (20molesX0.082X400K) 
P '~ V = (20 dm 3 ) *~~ 

P. = 32.8 arm 



Final Pressure: 

nRT f40molesX0.082X400K) 

(20dm>) , 

= __6__m I I 



Pf = 



The volumetric flow rate is given as «oi =30',000 m3/hr at Tl =5 1 3K and P I = 27 atm. The ideal gas law is 
used to determine the volumetric flow rate, x> i , at STP. 

VtnPi _ V02P2 
Solving for Vc* yields: 



„ Pj r 30,000— *298A-* llatm 
T X P 7 ~ 5\lK*\atm 



^ = 46,6^ 



5\3K*\atm v 3048m 3600 sec 

In order to find the residence time of each molecule, we will first calculate thc gas velocity , u, in each tube 
(where N is the total number of tubes and AC is the cross sectional area of each tube). 



The residence time can now be calculated using the gas velocity and the Iength, L, of each tube. 
. L \2m 



STTR 
1%\ 



A c 9.62m 2 

JL 38m 



8.66 



~~~= 4.4 sec 



_ m 150,000*$ kg 

, -V-- Sm*9.62 m ^ - 4103 -T 



v\* 



Pl-14 
Pl-15. 



No solution will be given. 

a) Chemical Marketing Report, Chemical Week 

b> SSTS ^T^TS (R ?" ShrCVC - JA - Brink - *- 4th ed - Ncw York - M 'Graw - HiU 
Book Co.. Inc. 1 977). Industnal and Engineering Chemistrv. 

iir i S,^v y ^ CraCki T^ reaCt0r ^ in P^ ' 61 "" refinin S °P«« « 885- 1020'F and 10-30 

ĥh. g^aasgs : shrevc ^ ^ Brink - jr - 4tn •*■ New y °* - mcg ™ 



Pl-17. 
Pl-18. 



No solution will be given 

Pl-18 (a> 

Eguacions = 

d(x)/d(c)=kl*x-lc2*x*y 

d<Y)/d(c)=)c3*x*y-k4»y 

kl=.02 

k2=. 00004 

k3=. 00004 

)c4=.04 



■ = 0. 



Inicial value 

S00 

200 



c f . 



800 



Sc,,„ ,--#•»= T 




«o.ooo 320.000 48b.ooo ««o.oco ĝoo.ss 



Pl-18 (b) 
Eguations: 



t ix,=x"3*y-4*y.*2*3*x-l 
f(y)=6*y2-9'x*y-5 



Inicial valui 



£1=22: No solution will he g 



-2.5 = 4»-i5 . / 



CDPl-A 



Find number of moles and concentration 



PV 
RT 



(20 atm X200 dm 3 ) ( 101 .33 kPa s 



fs.3145 ^LL WiT)l 



mo/tf 

mo/esA = .75 * 97 .5 = 73 . lmo/esA 
C = ""'tes = 73 . \moles Q „ 
M vo/ume 200 dm 3 

b) Determine reaction time 



dW„ 
<ir 

dN A 
dt 



1 dW 



= r A V 

= -kN A 
= -k]dt 



73 J , " 

ln.731 -ln73.1 
r = 23 min 



c) 



Determine rcaction time 



<fr 4 

r = *^l 



.074 Jr , 

J c 2 

.37 *» A 

- 10 .8 = - 
r = 15 min 



-k\dt 

o 
0.7r 



h/7 



2£i=5 Given: Liquid pa «„ 



A — > B in « f ow 



re.ctor: 




%(l) fj ^] jy,*4»| 

Figure Pl-10. 
Con.id.r . diff er enti.l ele.ent. AV of tu. re.ctor: 
BT ~teri.l o.l.ne. P^ . ^ + ^, _ ^^ 

w..r. (1-. )AV - fr . etioa or re . ctor elemeat which ^ ^^ 



-AF A = (-r A )(l- e )AV 

•'* "5^ ° r A (1 " e > "»»t rel.te (-r^) to F^. 

riere F^ is ti e tot.l (g. s + li quid ) Bolar flow rmte o£ A 

-r A = rate of ro.ctioa (,»ole, A per cu c» of li q uid per ,ec) 
. « volnme fr.ction of g»i 
F A - «ol.r flow r ,te of A C g »ole*/,ec) 
V - volnme of re.ctor 



\-(8 
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Chapter 2 

General: The overall goal of these problems is to help the student realize that if they 
have -r A =/(X) they can "design" or size a large number of reaction systems. It sets 
the stage for the algorithm developed in Chapter 4. 

P2-1. This problem will keep students thinking about vvriting down what they 
learned every chapter. 

P2-2. Part (a) is open-ended and encourages the student to do little "OUT OF THE 
BOX" thinking. 

P2-3. Straight forward rehash of Example 2-7 to calculate reactor volumes. 

P2-4. Uses definition of space time to calculate V. Can be done in 30 seconds. 

P2-5. No calculations necessary for this problem, but does require some thinking. 

P2-6. This problem encompasses most all the key points of Chapter 2. That is, if 
we are given -r A =/(X) then we can size any number of reactor systems. 
Some parts plug and chug, others require more thinking. 

P2-7. Good troubleshooting problem. Could ask the students to brainstorm in 
groups what could have happened. 

Problems P2-8, P2-9, and P2-12 are alternative problems to P2-6 and can be assigned 
in different years. 

P2-10. The point is to estimate the sizes of these real reactors. The students can use 
the door as a point of reference to estimate the reactor volumes. Could be 
used with the ethical dilemma problems. CDP2-B. 

*"* P2-H. Open-ended in that student is faced with decision on how to relax. 

P2-13. In recent years, a number of students have on their own fit a polynomial to 
the curves in P2-6, P2-8, P2-9, and P2-12 and then used POLYMATH to solve 
- the problems. 

Problems P2-14 and P2-15 encourage outside reading and help to develop life-long 
learning skills by obtaining information on their own. 

CDP2-A Similar to 2-9 
■: *** W 

CDP2-B Good problem to get groups started working together (e.g. cooperative 
learning. 

CDP2-C Similar to problems 2-8, 2-9, 2-12. 
p.2-1 
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CDP2-D Similar to problems 2-8, 2-9, 2-12. 













Solution 




Assigned 


Alternates 


Difficultv 


Time 


Given 


P2-1 


O 






5 


No 


P2-2 


O 




OE 


30 


No 


P2-3 


I 






15 


Yes 


P2-4 


o 






10 


Yes 


P2-5 


o 




M 


40 


Yes 


P2-6 




8,12 


SF 


20 


Yes 


P2-7 




6,8,12 


M 


45 


Yes 


P2-8 


AA 


6,7,12 


FSF 


50 


Yes 


P2-9 


O 


A,B,D 


SF 


60 


Yes 


P2-10 


s 




SF 


20 


No 


P2-11 






SF 




Yes 


P2-12 


AA 


6,7,8 


SF 


60 


Yes 


P2-13 


S 




M 


30 


No 


P2-14 


S 






60 


No 


P2-15 


S 






30 


No 


CDP2-A 


O 


9,B,C,D 


FSF 


45 


Yes 


CDP2-B 


O 


9,B,C,D 


FSF 


15 


No 


CDP2-C 


o 


9,B,C,D 




10 


Yes 


CDP2-D 


o 


9,B,C,D 




10 


Yes 



Assigned 

• = Alvvavs assigned, AA = Always assign one from the group of alternates, 
O = Often, I = Infrequently, S = Seldom, G = Graduate level 



*- 






Alternates 

In problems that have a dot in conjunction with AA means that one of the 
problems, either the problem with a dot or any one of the alternates are 
always assigned. 

Iilŭfi 

Approximate time in minutes it would take a B/B* student to solve the 
problem. 

Difficultv 

SF = Straight fonvard reinforcement of principles (plug and chug) 

FSF = Fairly straight forward (requires some manipulation of equations or an 

intermediate calculation). 
IC = Intermediate calculation required 
M = More difficult 
OE = Some parts open-ended. 

p.2-2 
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*Note the letter problems are found on the CD-ROM. For example A ■ CDPl-A. 
Summary Table Ch-2 



Straight forvvard 


3,4,6 


Fairly straight forvvard 


8,11 


More difficult 


5,7,13 


Open-ended 


2(a),2(b),7,10,ll,14,15, 
B 


Comprehensive 


2,3,4,5,6 


Parameter sensitivity 


- 


Critical thinking 


5(d),9(a) 



L_ 
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Chapter 2 



P2-1 

P2-2 



No solution wiU bc given. 



Plotting the given data as l/-r A vs. 1/(1-X) produces a linear graph. This 
can be used to extrapolate values for -r A for all of the conversion values 
up to the desired 0.98. These values can be used to calculate the desired 
volume. 

1/-ra vs 1/(1-X) 




(b) 



- = 19.312 + 7 



1/H-X) 
The following equation was found to fit the data: 
150.97 

Vx) 

Graphing l/-r A vs. 1/(1 -X) : proved to be non-linear. 

One cannot extrapolate to a higher temperature unless the activation energy is 
given. 



Vi-FaoJ f*& «**>(! 



_L_ 



U\-r A (X=0)"-r A (X=0.3)Jj 

« 52 0?L x lĝa.\%l (200 + 250)1 ^T 
nn 60s l 2 J nx>l 

= 58 _5 drn 3 

v »-'-fiK&-«-fr** J }<«« 

V T oui = 58.5 ♦ 346.7 = 405.0 dm^ 






P2-3 confd 

SchemeB 



Vl = ^T- = 60 (0 - 3) (300) = 78 d» 3 
V 2 = F A0 f dX-F AO h.f— 1— + i 



,423) -r A (.55) . r A (.675) + 7^Jj\ 



Vz = 60 ( ^) ^ 250 * 4(275) + ^ 25 ) ♦ «500) ♦ R 00] 
V 2 = 173 dm 3 

V Toul ■ 78 dm 3 + 173 dm 3 = 251 dm 3 
b) Scheme A 

A °3[-r A (0) T A {.35)*r^\ 
■ §• ^~[200 + 4(265) ♦ 550] = 183 dm 3 
V 2 = g. (.8 - .7) (800) = 69.3 dm 3 

Vjoui = 252 dm 3 
Scheme B 

V, = ĝ ( . 7) (550) = 333 7 dm 3 

V2 = 60 °2^ [55 ° + 800] = 58 - 5 dm3 
V To ui= 392 dm 3 



*-* 





1000 


Scnemc A 






800 


-g3cS7 S 




/ 


il 1 


SOO 


- 






-'r 


«00 

200 


^ĝ 















0.2 0.4 0.6 0.8 1.0 Ŭ2 0.4 Ŭ6 0.8 

Converjion. X Converjion, X 




?2— f.. Givea: t « 5 hrj. to achieve X » 0.8 ia • CST3; 
v o - 2£t 3 /-ia. 

V - t v - (5 hrs) t^f 4 -! [ 6 ° jin ] - « 00 *t 3 

o Bia hr 







SV 


t 


1 

5 hr 


- - 


2 


P2_ŝ 














-r A = kCi 


= kC 


LO 


-X) 2 








System 1: 














CSTR 


V 


-Za 


X_b _ 


F A 


.X«i. 





-r A kC Ao (l-X_,,) 2 



>.-* 



where 



F Ao 
^L-^ + a^ + l^O 



(2 + a)-V(2 + a) : -4 (2 + a) + ^(2 + a) 2 -4 
X "*" 2 2 

For the second root K^ > 1, which is impossible. Hence, 



x (2 + a)-V(2 + a) 2 -4 Q) 



v-7 



F " 1 1 a[ 


1 


m kC; a (l-X) 2 * L 


-X 


1-X 0A 1-X ra a 
1. 1 1. 






a(Va 2 +4a-a) _, , a(Va 2 + 4 a - a) 

1 ^* Ao* = * ! 7 

Va 2 + 4a + a Va + 4a 4 

Fora=l, X 0A =0.618 



System 2: 
PFR 



kC A .(l-X)- kC Ao Ll-XJo 



Va FA-0 (l-JC^-a^-JC., 

kc^ToCoJ v ' 



2-7 
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^-(i+^^i+^o 



(2 + a) 


-fc + tf 


-<"T7l) 


X 0A = 


+ a)- 


2 




(2 


•j- 


4a 

4a-- 

1 + a 


For 


i = l, 


2 


= 0.634 


System 3: 








CSTR 








FromEquation(l) 




i 




.. (2 + a/2)-Va : /4 + 2 
X,- 2 




PFR 








FromEquation(2) 








Xl = 7+1£ 








v x, + x ; _i 


fp* 


a/2)- 


-Ja : /4 + 2a f 



Fora=l, X 0A =0.583 

(a) System 2 wiU give thc highest conversion. 

(b) System 3 will give the lowest conversion. 



ir* 



0.6 0.8 0.9 



-r A 10 


16.67 50 


50 


12.5 


9.09 


l/-r A 0.1 


0.06 0.02 


0.02 


0.8 


0.11 



(a) To solve this problem, first plot l/-r A vs. X from the chart 
above (see attached plot). Secortd. use mole balartces as given 
below. 



Mole Balance: V^,, = - 



(300^)0.4) 
V dm »mnJ 



PFR: 

MoleBalance: V„, = F M J^- = 300 [area 



nnder the earve] = 7.2 dm* 



iZ 



(b) For a feed stream that enters the reaction with a previous 
conversion of 0.40 and leaves at any conversion up to 0.60, the 
volumes of the PFR and CSTR wŭl be identical because the rate 
is constant over this conversion range. (see below) 




CSTR o.60 



(Note: The reactor(s) before and up to achieving a conversion of 
0.40 must be in series with no side streams.) 



9-1 



P2-6 confd 

(0 V-^lO.Sdm 5 



Mole Balance: V_ 



f* P*. 



300- 



Use trial and error to find the maximum conversion. 
First, pick a conversion. Second, find l/-r A from the plot Third 
check to see i£ X/-r A is equal to 0.035. If it is, then the correct 
conversion has been chosen. 



At X = 0.70. 



1 



Maadmum conversion = 0.70 
(d) 

» H) PFR Th 



From part (a), we know that X!=0.40. Use trial and error to 
find X 2 . 



Xi x 2 



£-\o 
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MoleBalance: V = A ^ X » $Ŭ 
rearranging, we get 

X, -0.40 V 2.4 nn 

— ' = = = 0.0 

-r A ) x> F„ 300 



Conversion = 0.64 



From part (a), we lcnow that Xi=0.40. Use trial and error to 
find X 2 . 



Li 



■Ŭ*HM 



MoleBalance: V = 7.2 = F 



At X. = 0. 908. V = 300 [Area Undcr the curve] = 300 [0.024] = 7.2 dm J 
Conversion = .908 



a-n 
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(fl See plots below. 



Conversion as a Function of 
PFR Volume 



Rate o£ Reaction as a Function n£ 
PFR Volume 







Questions from Sgt Ambercromby: 

1 . Could a dent cause the stirring blade not to tum? 

2. Is the temperature the same? 

3. What causes the whoosh sound? 

4. How much does the dent reduce the volume? 

Possible reasons for the drop: 

1. Temperature of the feed. 

The rate of reaction depends on temperature. 

2. Flow rate 

Residence time depends on the flow rate. If flow rate T, residence time i, 
hence conversion i. 

3. LevelofliquidintheCSTR 

If liquid level i, effective volume of CSTR i, hence conversion i. 

4. Concentration of A in feed 

Rate of reaction depends on the concentration of A in the feed. 

5. Performance of the stirrer in the CSTR 

If there is some malfunctioning in the stirrer, the CSTR will no longer be 
well-stiired and there will be some 'dead volume' . This decrease in the 
effective volume would cause a decrease in conversion. 



*\* 




a ' °* <« oVai ai o.V as as 

Conversion, X 

Initial Operating Conditions: 
Xo = 0, Xi = 0.64, X 2 = 0.82 




0.1 0.2 0.3 0.4 05 06 0.7 08 0l9 
Conversion, X 

Final Operating Conditions: 

Veflecrive = 38*0. 17 = 6.5 dm 3 
Decrease in volume = 1.5 dm 3 



a-\> 
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! 



This 20% decrease in volume could not have been caused by a small denL The 
most likely explanation is that the stirrer fell off, which caused 'dead zones* and a 
decrease in the effective volume. 

To increase the conversion to above 0.50, switch the order of reactors. By placing 
the PFR before the CSTR, the necessary conversion can be achieved. 

X, = 0.16 

Veff (C sTO) = 6.5 dm 3 => X 2 = 0.62 



oir 




y s s x AA/x, 



0.1 0.2 0.3 0.4 05 0.6 0.7 08 09 
Conversion, X 







Q±^E 



>-\+ 



P2-8 confd 
•> F« .. ».„«..«.,. .„„„,„ „ £ „ , # ^ n> ^ ^ _ ^ 

— «,». .. .... tohi „. d ^ ^^ ti< ^ a ^ ^^ ^ ^ 

».. «. .«. ...„..„,, „ Ud „. a , tnMtU ^^ ^ Mj ^ ^ 

«ader tae curve. 
b) % - 50 1/ Bia 

T " % I. »iere 

I - trei coasidered ia par t ». 



« <0.3 - 0,(10, *i (0.,-0)(50-l«"I (0.7-0.3,(15) 



~dX< 



S-0.7 



- 15 ai a 

■° v " ▼. I - (50 1/mia) (15 ain) - 750 1 - 750 4». 
c Tae sasllest iiei c»a be seaieved b^ usiai oaly oae CSTR wita tals svstea 



I - (0.7-0.0, 






' (0.7-0) (15) - 10.5 mia 



X-0.7 

So V . r<) I - (50) 1/aia (10.5) mia - 525 1 

▼« vould furtaer redace tae tota.1 voluse 07 nsiaj s PFR st first ap to tae 
eoaversioa tast gives tae ssae C AQ /-r &s X-0.7. 
d> To obtsia eo.uel CST8 aad PFR voluaes the itu uader tae curve oust be eqasl 
to tae sres of the rectaagle ap to tae specified eoaversioa. 
*7 trial sad erzor »• see that X-0.45 is a solatioa. For the CSTS. 
C 
I - (0.45-0, — - (0.45-0,(37, - 16.65 aia 

A X-0 .7 
So V - v e I - (50 1/aia, (16.65 aia) - 832.5 1 



*-ir 
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For tae PFR 



■..r"-* t 



Usinj Siapsoa's rale 

I - 2i21 ( X o ♦ 4(15) + 2(20) + 4(35) ♦ 2(43) - 4(48) + 2(50) + 
4(48) ♦ 2(43) + 37) 
- ^tT^ (10 ♦ «<" ♦ 35 + 48 + 48) + 2(20 ♦ 43 ♦ 50 ♦ 43) + 37) » 15.fi 



So V - t I - (50 1/aia) (15.72 aia) - 786 1 
Taere is also » solatioa at aa X>0.7 
Try X - 0.8 
For tae CSTR 

I - (O.8-0)(33) - 26.4 aia 
For tae PFR 



6« differeace. ffttj 







- ^ (10 ♦ 4(20) ♦ 2(43) * 4(50) ♦ 2(43) ♦ 4(32) ♦ 2(17) 

♦ 4(15) ♦ 33) 

- ^j 1 (10 ♦ 4(20 ♦ 50 ♦ 32 ♦ 15) ♦ 2(43 ♦ 43 ♦ 17) ♦ 33) - 23.9 aia 

Try 1-0.79 
For tfce CSTR 

I - (0.79) (30) - 23.7 aia 
So V - t I - (50 l/aia)(23.7 ain) - 1185 1 (clm*) 



»-l* 
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For c_>a PFR 



I - 23.9 - J (0.8-0.79)00+33) - 23.9 - 0.315 - 23.58 «ia 
So V - v^I - (50 _/■__.) (23.58 .___> - H79 1 

0.5% differenee 






K)x 



1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

^AO 7 *^- 1 ^ 10 2 ° 43 50 43 32 17 15 33 

-(««) o.O 2.0 8.6 15.0 17.2 16.0 10.2 10.5 26.4 




0.1 0_ 0.3 0.4 



0-3 0_ 0.7 0.8 



Fij_xe P2-8E. 



: °« p»rtie_U. 



T _ Z_ _70Q l 

% 50 !/___ " 14 »« 

"*• 8r.p_ -i, ld , tllr , e f „ mx , , te . d _ , 
X _ " 0-235. : 



L 



' ~ 2 " °-535. aad I 0.730. 

_-.V 



P2-9 

A + 2B->C 

Data taken at 1013 kPa (10 atm) and 227°C (500.2 K) 

y A =0.333 C Ao= ^ = 7 ^M_ = 0.08113gmoyd m ' 
yAo Ao RT (0.082X500.2) 



-r A 


0.000010 


0.000005 


0.000002 


0.000001 


X 





0.2 


0.4 


0.6 


C A ./-r A 


8112.77 


16225.54 


40563.84 


81127.68 




(a) 30% conversion in PFR: 



C Ao J— = 4,664.84 s => V = v t = (4664.84 s{ ^plfc m 3 /min)= 155.5 m 3 

rc = (12,169.2 sf— \ 2 m 3 /min)= 405.64 m 5 I 



(b) 30 to 50% conversion in CSTR: 

.c^OCj-oO 



(c) Total Volume: 

V ToIal =155.5 + 405.6 = 561.1 n 



(d) 60% conversion in PFR: 
> 6 dX 



C Ao f— = 20,281.9s =» V^ = (20,281.9 sl^p. 12 m 3 /min)= 676.06 m' 

r A \ S / i 



>\i 



P2-9 (cont'd) 

80% conversion in PFR: 

r A is not known for X>0.60 - can not do. 

(e) 50 % in CSTR: 

* = C Ao — = 30,422.9 s 
-r A 

V = v o x = (30,422.9 J—-)? m 3 /min)= 1014.1 m 3 
(f) 50 to 60% conversion in CSTR: 

c Ao (x 2 -x,) 

t= AoV 2 — = 8112.8 

-r A2 

V = v o x = (81 12.8s|i^l(2mVmin)= 270.4 m 3 
(g) 



Rate of Reaction vs. Volume 

1.0E-05 -! , . 



7.5E-06 
i 5.0E-O6 
2.5E-06 
0.0E+O0 -I- 



200 400 60 
Volume (m 3 ) 





Conversion vs. Volume 




0.4 
0.2 













200 400 600 8C 

Volume (m 3 ) 


K) 



(h) Critique 

Answers are Valid: 

1. Constant Temperature and Pressure 
No heat effects 

No pressure drop 

2. Single interpolation to X A = 0. 1 5, 0.30, 0.45, and 0.50 allowable 

3. Huge volume (the size of the LA Basin)! Raise T? Raise P? 



3-11 



Problem 2-10 involves estimating the volume of three reactors from a picture. 
The door on the side of the building was used as a reference. It was assumed to 
be 8 ft high. 

The following estimates were made: 



h = 56ft d = 9ft 

V = jcr 2 = 71(4.5 ft) 2 (56 ft) = 3562 ft 3 = 100,865 L 



Length of one segment = 23 ft 

Length of entire reactor = (23 ft) (12) (1 1) = 3036 ft 

D=lft 

V^jtr 2 = jc(0.5 ft) 2 (3036 ft) = 2384 ft 3 = 67,507 L 

Answers will vary for each individual. 
P2-11 No solution necessary. 
P2-12. 

(a) The smallest amount of catalvst necesary to achieve 80% conersion in a CSTR and 
PBR connected in series and containing equal amounts of catalyst can be calculated 
from the Sgure be!ow. 




The First shaded area with the lines going up from the right to the left denotes the 
CSTR while the area with the lines going up from righc to left denotes the PBR 
This figure shows that the smallest amount of catalyst used is obtained when the 
CSTR ts used before the PBR. 



9.-£o 



22=12 confd 

rectangie below. * g STR by dete nwnning the area of the shaded 




The area of rectangle can be found to eguai appro^imate* 22.4 kg catal ys , 

(c) ^sa^ss^-s 



( k 3 Catalyst) 




Tk« Conversion X 

Th« «no™ of CM l ys , W. „„<,,<, ajj „ fou „ d „ ^ ab<joi 8 k> 



J-a-l 
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(d) The catalyst weight necessary to achieve 80% conversion for a PBR can be 

determined by calculating the shaded area undemeath the curve in the figure below 




The necessary catalyst weight can be found to be approximately 30 kg. 

(e) The amount of catalyst necessary for a single PBR to obtain 40% conversion can be 
calculated by finding the area of the shaded region below. 




Conversion, X 
The area of this region can be found to equal approximately 15 kg catalyst. 



*-*3- 



P2-12 (confd) 
(f) 





-r A andX vs. Catalyst Weight 




M 






" 










X 


s 








/ 




^C- - ■■ 




W(kg) 



(g) For different (-r A ) vs. (X) curves, reactors should be arranged so that the smallest 
amount of catalyst is needed to give the maximum conversion. This can be done 
by minimizing the area that is occupied by a given reactor. 

One useful heuristic is that for curves with a negative slope, it is generally better 
to use a CSTR. Similarly, when the curve has a positive slope, it is generally 
better to use a PBR. 



P2-13 No solution will be given. 
P2-14 No solution will be given. 
P2-15 No solution will be given. 
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CDP2.A 



Ta« reeetion A — > 2 B 

C A0 " °- 2 S=ol/X 
▼ o - 5.0 a 3 /» 

a) TJatil tae poiat Taere - Ut^ ij iadepead.at of l^. 
X - .5. (Bota arre llM lt« uatil I. - .5) 



*CSTE - »» « 

»,«. J^ < 0.5. Feaee - l/r A - 3x10* *£* - 3x10^ * 

»o 90 = SrlO 1 * I A 

*ad aeaee coarersioa =• X ■ 3x10 

Note - ov »»*--iptioa vee eorseet. 

]£ d *J 
t 



o c.o. Jt Stfc c -' ' ° 



5-^ 
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x »»- « 1000 i 



F.«- J 



» V, 



w 



f* A _x r*- 7 



it.,r-l o_ t_. R.E.S. .,__, tk . ,.,_. fc , 

,3xl0"*5xi0 U 



• (3xlO U z 0.5) * (-2- 



*» X (0.7 - 0.5) - 2.3 x 10^ 



So t_. ,u« «o- r..otor - o1b _. . _. 3 _ lb U a 3 (Si ,„ ., ■ , ^ 
d)v m .!____VV 

cm -r^ 

~ A0 - 1000 mol./_i_ 
"^ - 0.70 
" 2 - 0.90 

~ 1/r A " (r «« e *ioa r*t.)~ 
*o V, 



7-ao^ 



f CS-_ " x * (0.9 - 0.7) x ^zlO^ 
. H _3 



e ) Fox _ b.tei initn 

-o J« (-t.)V 



- 1.4.10 11 _ 3 ( Si „ „,„, ,„ in , 



I 



*«* co.stsat prcssur* V . V (1 ♦ __) 
'••-AO* 

r A0 " 1 (P«r. A f..d) 

*o c - i 

C A0 J < 



tj--«w 
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• 0.2 j i 



Slne. for X o.t»..« «nd .4. -l/r^ it .oaituit wlt. t rtl», 
- 3xl0 1X Vrmote 



So t - 0.2(3x10- 
- 2.02xl0 10 S 



w >r 4 ig.«.io"uu. 



♦X>1 - «xl0 10 £l B (1.4> - U i] 



L A rtutiM vfcos. progrtss caa fco follow«4 by s.aorttloatt 

Citique: This is a ridiculously small rate of reaction. 



CPP2-B No solution will be given. 

CDP2-C 

For the CSTR : 



Area =- 



1200 ft 3 



- = 240 



F^ 5 Ibmol/hr 
From the graph we can see that X, = 0.60 
For the PFR : 



- = F^jArea under curve) 






wJ 



From the graph we can see that X 2 = 0.8 



Tr^ 



CDP2-D 

400 L CSTR and 100 L PFR 



Feed is 41% A, 41% B, and 18% I. 



P = 10 atm 



T = 227°C = 500 K 
lOatm 



To RT (0.082 L-atm/molK)(500K) ""•""""""- 
C Ao = 0.41C To = 0.41(0.244 mol/L) = 0. 1 mol/L 
Fao = ",£*, = 1 L/s(0. 1 mol/L) = 0.1 mol/s = 6 mol/min 

(a) There are two possible arrangements of the system: 

1. CSTR followed by the PFR 

2. PFR followed by tbe CSTR 

Casel: CSTR->PFR 

CSTR: V,=F Ao (Area) 

400 
F ao " 6 
From the graph - X, = 0.36 
PFR : V 2 = F^Area under curve) 



Area = 



- = 66.67 



Fao 6 
From the graph - X, = 0.445 



Case 1: CSTR --> PFR 




400 
-*300 
- 200 

,0 


:l:-^- 




w= 





0.2 0.4 0.6 0.8 l 
X 






Case 2: PFR ~> CSTR 




400 
_*300 
i 200 

100 

















0.2 0.4 0.6 0.8 I 
X 






Case2: PFR-+CSTR 

PFR: Area under curve = 16.67 

From the graph - X, = 0.259 

CSTR : Area = 66.67 

From the graph - X, =0.515 



2-& 



CDP2-D (confd) 

(b) Two 400 L CSTR' s in series. 

CSTRl: V = F A<l (Area) 

Area = 66.67 

From the graph - X, = 0.36 
CSTR2 : Area = 66.67 

From the graph - X 2 = 0.595 



(b) Two CSTRs in Series 




0.6 0.8 1.0 



(c) Two CSTRs in Parallei 



' 




£300 

i 200 
100 











0.0 0.2 0.4 0.6 0.8 1.0 



(c) Two 400 L CSTR's in parallel. 

To each CSTR goes half of the feed. 

F^ = 6/2 = 3 mol/min 

V^F^CArea) 

V 400 ,,, , 
Area = = = 133.3 

From the graph : X = 0.52 

(d) PFR : V = F^ ( Area under curve) 

From the graph we can find the area under the curve for a conversion of 0.60: 

^. (0-60X300) = 9Q 

2 
V = (2 mol/min)(90) = 1 80 L 



*>% 



(d) Single PFR 




400 


v^— 




a 300 


j/~ — 




- 200 


_^A 




100 


.^^^H - - 










0.0 0.2 0.4 0.6 0.8 1.0 


X 



(e) Pressure reduced by a factor of 10. 

A decrcase in prcssurc would cause a decrease in the overall concentration which 
would in tum cause a decrcase in C^ and F^. By looking at the design equation: 



(f) Use the graph of l/-r A vs. X to fmd values for all volumes. (Assume a fiow rate of 
l mol/min.) Generate the fol!owing table and graphs: 



X 


-r A 


V 





0.2 





0.1 


0.0167 


3.494 


0.4 


0.00488 


42.984 


0.7 


0.00286 


125.878 


0.9 


0.00204 


225.088 



(f) 


Conversion v$ 


Volume 




0.8 








0.6 
0.4 








0.2 


















> 100 v 


200 3 







9-2-7 



3rd Editio n, Solution Manual, Chapter 3 

Chapter 3 
F3-1, See F4-1, page 205 ŭf the text for guidelines. 

F3-2 bŭ the point is that ihe rate laW (Eqn. E3-2.1) ls not valid at verv lofl 
cor.centrarions of NaOH (U. the rate W predicts a rate of reacnon even i 

C NaO H = 0). 

F3-3 This problem motivates the students as they see applicarions of CRE ^outsi<|| 
eiamples found in chemical plants. Surprisingh/, the achvation energres «|. 

essenttallv the sarne. 



F3-4 Short problem fiom DuPont about competing effects corrosion rate as i ; 
function of concentration and temperature that mvoives reasorung, v* 
calculattons. 

P3-5. Challenges the rule of thumb, the rate doubles for every 10" C >^ JH 

Lemperature, that the sludents learncd in cherrustry. Part (b> * a d^ 
version of P3-3, 

»« Short problem that remforces the spedfic reattion rate, \^^?^W- 
w.r.t. a parricular spedes L Tlus prcblem, which helps lay the foi^dation fiffi.. 
mulripie reactions in chapter 6, can be given at the same hrne as F3-10. 

Problems P3-7, F3-8, PM, P3-U ^12, and P3-13 aU give P-crice ,l setbng * 
stoichiomerric tables. The industrial How sheets arc given for P3-8 ^ 
11 Thes^problems canbe alternately assigned from year to vear. My favtfA 
is F3-7. 

F3-9 Thi* problem begms to prepare the students for those situations Wj 

mernbrane reactors, multiple reactions) vvhere they ^ use convers^ 
as a variable. 

P3-10 Thi* problem rdnforces the concept that at or near ^ ! ^ U ^^^' 
must reduce to give the equilibrium converston {and the concentratt «| 
that are derived from thermodvnamics. 

F3-11 See above, 

P3-12 See above. 
P3-13 See above. 
F3-14 Remforces the point that the equilibrium conversion will be different &*■ 

flow svstem and a constant voLume batch system. 

I 

p.3-1 



Edition, Solulion Manuat, Chapier 3 



1. 
,11 



P3-15. Uses the rate law and sioichiomerric tabte to give pracrice at expressing 
-Tf=ĵ{X). In Chapter 2 the student saw thai once one has -r A =/(X) a number 
of reaction systems can be designed. 

F3-16. Srrajght fcrvvard problem to set up a stotchiometic table dnd then substitute 
numhers to caJculatc various parameters. 

P3-17. Alternate to F3-14. 

P3-18. This problem to express -r A =/?X) requires thinktng and is not particularlv 
straight forvvard. Reinforces the fact that concentratton must be known as a 
function of pressure. Prepares the student for pressure drop probkms in 
chapter 4. 

P3-19. Rcquires the student to go outside of tĥe textbook for tnformation and 
practice Ii/e-!ong learning skills. 



F3-20, Usua% assigned at graduate level in conjuriction with Appendices I and ], 



ip 



Problems P3-21, P3-22, and P3-23 all involve setting up stoichtometric tables for 
reactions with phase changas. 

CDP3-A Similar to Lhe honev bee, fireflv, and cricket problem where the 
^ ^ activarion energy must be calculatcd. 

CDP3-B Similar to problem P3-23. 

CDP3-C Points out that the concentration of B in the gas phase can be a constant. 

CDP3-D Alternative to problem P3-22. 

CDP3-E 



P3-1 
P3-2 
P3-3 

• P3-4 

• P3^6 

• P3-7 
P3^ 

• P3-9 

• PS-10 



Altemative 


to problem F3-12. 










Sum.m.iiv. 














Solution 


Assigŭect 


Altematps 


Difficultv 


Time 


Given 


S 








No 


O 








(b&c) Yes 





A* 


FSF 


4C 


Yes 






SF 


15 


Yes 


I 




SF 


30 


Yes 




7,8,1 1,I2,B,£ 




20 


Yes 




7,8,1 1,12,13,E 




65 


Yes 


AA 


7,11,12,13,E 




35 


No 


A(a&b) 






20&20 
20 


Yes 
Yes 
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PM1 


AA 


7 r S,ll,12,13,E 


P3-12 


AA 


7^,1L1213,E 


P3-13 


AA 


7,8,1 1,12,13,E 


P3-M 


AA 


17 


P3-1S 


ŭ 


13 


P3-1& 


O 




PM7 


A \ 


i-i 


P3-18 


A 




P3-19 


G 




P3-20 


i; 




P3-21 


g 


22,C,D 


P3-22 


u 


21,C,D 


P3-23 


G 


B 


CDP3-A 




3 


CDP3-B 


A A 


23 


CDP3-C 


AA 




CDP3-D 


AA 


C,2I,22 


CDP3-E 


AA 


7,8,11,12,13 



45 


Yes 


35 


Yes 


35 


Yes 


45 


Ves 


35 


Yes 


45 


T'0 : 


3Q 


Yes 


w 


Yi-:, 


&o 


Nlr 


45 


No 


-',: 


Yes 


pO 


Yes 


50 


Yes 


1S 


Yes 


3'J 


Yes 


45 


Yes 


1,1 


Yes 


25 


Yes 



Slraight I 

]',vir!y Slr. 

Fonvan 



Opcn-unc 



A--'-ir,i''-i , ,, 

• = Alwflys assigned, AA = Always assign one from the group of aUernates, 
O = Often, I = lnfrequently, S ■ Seldom, G = Graduate level 

lrTproblems that have a dot m conjunction with AA means that one of thf. 
prcblems, either the problem with a dot or any one of the altemates a*| 



always assigned. 



Time 



Approximate rime in rrŭnutes it would take 

problem. 



B/B' student to solve lh< 



pj fficultv 

SF = Straight forward reinforcement of principles (plug and chug) _ 

FSF = Fairly srraight !brward (requires some mampulation of equahons or w 

interm e di ate cal cu 1 a tiori )„ 
IC = Intermediate calculation required 
M = More difficult 
OE = Some parts open-ended. 

'Note tbe letter problems are found on the CD-ROM, For example A = CDPl-A. 
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Summarv Table Ch-3 





Airheiuius 
Equation 


Rate Uw 


EfĵuiUbriu 
m 


Stoichiometry 


Rate Law & 

Stakhiŭmetrv 


Fhase 

Changr? 




3,5,19,A 


6,10 


14,17 


Gas 

7[b)«c),ll, 
12,I3 H E 

Ltquid 

7(a) 


9(b)&(e} H 

13(d),16(c), 
9(4) 


21,22,23, 
B,C 


Straight Fŭnvard 




G,10(a) 




7,12 


]6(c).E 


21 


Fairly Straighl 
Furvvnrd 


3(a) 




14,17 


11,13 


<U3(d) 


22,D,C 


More Dif ficull 


3fb) 


10[b),10(e) 








23, B 


Open-ended 


m 






U(e) 






CnticAlThinking 


m 












___ L 






1 













p3A 



Chapter 3 



P3-1 Wo solufjon wii[ be gjvsefl 



EU 



a) Cooking food (effccr of temperarure), nemoving a suijj with blcach (erTect 
of blcacb concenLraiion), dissoluiion of sugar m rea or coEfee. 

b) Parts a and b tvilJ stay tbe $ame whilc the rtaction raies wUJ tnereasc by a 
facior of tea. 



c) 



Rate law shc-uld always be determiried from an otperiracntal observtion 

' t a ■ tc ™ fiw rcaction rate is zero-ordtr with rcspcct to NaOIL 



ifferent 

rn[.'(;hiir.i^rp.5 



Vt 



A — *— >C (low ttmp) 
A — *— >D (high temp) 



c) Cake wUJ burn on ibe outside because the eaj<c dough oftcn a resi^tanee to 

heat transfcr so reaction temperarure wiU be lower in the «fittt of (bc cakc than on 
Lhe outside. 



Zii civ« D 


Fft^ttencr of llntis) 


5 f iiirtili.i 


chlrpia[ of 


ricicti 


11 i fttsiioa of 


ti = ? =n:-f = 


A, Fi rt £li. e 






P. C?j:te 


T~C 


11. 


2S.0 SO.D 


T'C 


Fli*hn/ B in. 


?,o 


12. lfi 14.2 


ChirfiV^Lt 


T*t 


194 


25B ĴC3 


T*E 


l/T e EilO0Q 


3,401 


= .3*6 S.3GC 


i/T-irioao 



ĴDQ*I 
3.333 



S^ 






EiJ confd 




b) Fllght Speed of i* e Hor.ey bee 



3.3557 
, ™ 3-30033 

35 3.2«675 

Knam tbe graph; 

pMiciubole 



0-? -0-356e75 
1.S O.Sfl77fl7 

3 1.098612 



"Kaferie at 40°C r 

*0*-] 3.378(3.73) + 44.603=186 

v •= ^.44cfn/ £ 

feffir/ I337a <3- 7 3) + 44.60a = -S.3l 
»- U-005 cm/5 







1.2 

0.! 

^ o.s 


^^ R 1 - 0.37*3 


-0.6-! 


* 3.26 


aj3 


3J 3.32 iS^S^ĴJ* 3. 



J-£ 



P3-3 conl*d 
Ĥunntng Speed o( Ants 



« 


3.53357 


0.2 


-0.693147 


20 


3.41 297 


2 


0.693147 


rm 


3.30G33 


3.4 


1. £23775 


40 


3-21 543 


e s 


I, 871502 





i". rvj ™ vr 


i ■:■ s 
-0.5 


y- ■r.7filIt*28.8M 
^. Pr , -0.W73 


' 3J 3 3 M "Sft 34 


1/T(KĴ*1«» 



From ttie grapb: 

E = -7,7613 kcal/nolt 

c) The Kŭviiy of be«. ants. critketi. and rirefties increises wi(h an u-creasc 
m lemperature. The atdvauon encrgy ofT.reflies and crickets ii the same ivtule 
anii and bees have a differcnt frequejx:y ihat isdepcndeot on tempcrarure, 

<JS 7W ls . jkr* t, , he Iffmpefalure , v ^ ^ ^ , 

t» Eflrapotaifrd. Dsui ^h.cn «ol^i t* N,ipM a the maanCimli «£ ^S» I ? 

f3-*. There are rw o co mpe ling ef fects ihat brin g abo ut ihe mtsimuni in thc cnnosion rar.e: 
icmpcntuTc and HCN-H2S04 corcplex mneencrarion- Thc corrosioti rate increases wiih irjcrcis- 
ing temperuture afld uicreasing ccricenc-irioncf the HCN-H2504, cctmpkE. The tcmpcraruie m- 
creases as we go from Lhe top lo bcrictn of ihe cciumn, and ~o".sequecdy the raie of eorrosiofi 
shoidd increasc. However. thc HCN csr.cer.trazo.~i !snd the BCN-HiSOi coq-plex) decreases 
as vve go from thc top to the boi:t>m cf the columrL There ts vinuaily rto HCN in the boncm of 
ihe column. Thcse r*o cpposing faciors Rsoli :n a iQsximurB in thc corrosion raie iomc^here 
around the rrdddie of the column. 



ETii 



io»c, 

ith 1 ■ 



■ T, 1«' 



[T f -T,>/T,T, 



y7 



■. E - H 1 — ±-—± 1 * ^^ 

*W 10-E 



T.U. + ioĵ 



t\}\ Ci.T(n (hn fuKnini dit* 

k «ijT 1 ,oŭ1 0.030 

T»C d 100 

Tiftn T»r i7ĵ 373 

tqa. 3-2 i» i - A . 

Th, 



»I/tX 



cn lt T ! " BW, fcj -A* ^^1, md ic t 3 - loo-C, k, - A." 

*a T i T i 

a loCtj/k > a t t 
° r E fc " (i/t 2 - i/T,) ■ Tv^t u*W 



'. £ - - 1 '^"'^'» 1 I 



][173<TU373 e tĵ 



__:!. 



1 * " «■ 'l.H«l/«l'I * 273'L 1: 

F3-6 Solution 

For thla prohleir,, reoil Ĝttt for any reaĉtĵaa 



tat^SSr? * 7,950 eil/ool _U 

- 2.1xl0 3 aiŭ' 



.001 



-1 



th* rate [jws are re!a!ed to the stoicKi^—.e^ 
fŭl]owing tcuation. 



L 



3-* 



P3-6 conVd 










-i\ _ - 

a 


b c d 




(_) ■ 




>£fc£&) 






<-*A ! 


l C_ wĥert ^, ■ 


■«tSfta 




^ 


)4^c^c,) 






r c =* c C,' 


C_ ^here k_ = 


HSfa 


(b> 


--;(- 


0*3&*G*£»3 






"T. = k 4 C A Cj where t, : 


^molKcJ 




r c *|H 


J = 2(k A C A C>) 






r c - itcC^C^ «herc k c - 


:50.0 — : 

\ mal sec J 


<e) t 




*w-t 


1 


i 


■„= Jc* : 


-C___l *hm 


«.-»<,&) 


(dl 


b, 


o4^c;-c r ) 






-^ - krA 


*C_ ^htre V t 


HS0E43 




*-§-* 


>(MVc.) 





3-f 






P3-6 coofd 



■ M£* C( whcr_ 



k_-_i.of— )V-M 



^=rK)4(^ ! c 5 ) 



r - = k D C A : C g whcre lc_ =- 37.Ĵ 



[moljlsccj 




G--*_ tto ». B , iBtt CE^ * 3 , 2 0i _, HCooa + _^ 

~*CE 
■»..«__„ __, r , t -., d by _i . _ _,_ 

or * ° 2 -£--- r E,° 



r 



o 



H,SO„ 



CH.-OH 

I 

CH--OH 






A <»•**«« - Ca0 X C A _ U1 -X) 



G 

/ \ 

CH. - CH_ 
H 2 Q 



A 

CH. -OH 



B C_ - 3 .47 1bmol/^ . C AO X C_ - a *7-X) 

e_ =3,47 

+ C AO X Cc-X 



2WP 






P3-7 confd 










b) CiH 6 -* C.FL, * H 2 








A->B 


-C 








Spcsita 


Svmbol 


EntcriBg 


Cbaag 


Leaving 


C 2 H. 
C_Hj 

Hi 


A 
B 
C 






-FaoX 
+F AO X 

+f ao x 


f a - Fao a-x) 

Fb » Fao X 
Fc -F A oX 



Fto = f aO 
Gas Phast, constsuit [tmpcranirc, arsd nŭ prcssurt drt)p. 

£ = y A0 5= 10 + 1-0 = 1 
u = \>_ (1+3C) 

r F^„F^0Oq_ c (100 



Fr = F a oU+?Q 



C A _ = y A _ Cto = ^ao 



Jŝa_«. 



< Ufegn") = 067 kHŭL = 0.067-°^ 

RTo ja^ 1 BHŬiggfiC «-* ^ 

C K t mol 



c> Ci*i_ 4 ^-0_ -* Ctt 3 - CH_ 




_Specicŝ _ 



3-n 



EJ-7 confd 

Gas Fhasc, IsothermaJ and no pressure drop. 






fm 



:+_>, 



£ = y M S = 0.67(1 !) = -Ŭ.34 

____- 



[ molK f ] 



v v_(l + -X) " 8 J + eJf 1-0.34* 



,kl. 



l+_X I-0.15__ 1-0.34* 

c - c ** x - Dm2X 

c 1+_X 1-0.34* 

Aa inert, Nitn.gen wo_Id bt addcd co Lhe sto.c__o__e_ry lable 



_Specie_ 


_Symbol ( Enaifng 


<".)__■,!._■ 


Lcaving 


^—— 


A F_o 


■Fa_X 


F-tt «-&__-!•__. 


Bthvlenft n _....- 


5 |f m =_e 


-W2F._X 


F_ = FA_CeB-X/_) 


c |o 


Fa^ 


F t = FA_&, 

F_ = Fa_X 



Ga. Pha_-e h IsotberEna], and no Prcssiire drop 



2__r 
*.*£_1° 
*__ 



3-\> 



r3-8 eonfd 



a ( 



j 



i 



- = 0.30 



F ro 1 + 5, + 0, I + O-S + 1 .83 
E = y M S m 0.30| 1 - - - 1 | = -0. 15 

The intrt Nitrogcn vvotiid aiso chitngc tic vaJuts of y^o and £. 



£JM> a> A+B ► C 

Mok Balance for I CSTR: 

Ftw-F B ■ -r&V 

Fc^Fc = -rcV 
RateLaw: 

-r A - kC A C B 
Stoichiomelrv; 

-r A = -r B ■ rc 
Combiue with Eq 3-40 and 3^3: Liquid pbtfc 

F »- F * = \i;] {f a +f s +Fc[f*+f*+f c J 



yo 



__: coafd 

O) A*B->C 

Mole baJmce for * FFR: 

ifV 

%*^ 

<fV c 

RitrLiv; 

-r^VC^C, 

Sioichictmci/i 



Combinewiih.Eq. 3-*0„}-43: 
<.'V 



"jv 



iJsJ ( * Y 5 

t f^Tf f - T F ' 

lOU.+^.+JiA^+f.+^ 

Jŭ.Yf_ŭ_Y— ŭ- 



ThU ic! t>f difTcfeniiiJ tquaLianj can t 

(c) A->B+C (gai phiie reictionl 
Molc BiJmtr for * FFR: 

dv ~ r * 
dv * 

efV c 

fc*tcL4w; 

Stoichiomccry: 

-r*. e r, = r c 

Combioe with Eq, 3-40 tnd 3-15: 



«ag POLVMATH 



r a jimilir lofbvan; piclags- 



_U*_*-f 1 



■%-ii 






F3-9 cotifd 






fifc.-tA.L 



,AJL * 1 

rfV KTA^ + ^ + ^J 

T^ «i ofdiffrrcr.d,! ^ « te»l^ ^ng FOLVMATHor* iimiL* »N» p**** 



(d) A + ~B 
Mtfe baluie* for a PFR: 
rfF, _ 

rfV " '* 

dFf 
"#— * 

-r^kC^C," 

S!Ljj:.liicimetry: 



C tfrlSpbMCH 



Cŭmbinr- «rlttl Efl, 1^0 Ifld 3-49: 



_V~*UtJ U + ^ + ^U + ^V + ^J 

___ i/jkff-^JCJf_5u_f 

"57 "2*\jerJ U + ^ + tA^ + ^ + ^cJ 

77 = ~feJ U+^+^U+^J 

Thi 5 *i of d_ttf*t_*l «iBiiCK «n bc «Ivrf *fe_ POLVMATH or * similar «>fiw__ p_=ta<* 



Htaŭ 








* ' At high [cmpcrarurts 
A £lB 

Ar equilibrium» we Jcnow from ihermcdvnamics 



(PS39a) 



ConicqucnL]y. wc fcnow that ihe raie law mosr reduced to Equau"on (PS3-9.I) whcn -r A D 

Therefare 

-r A = k[c*-ĝ] (PS39.2) 

At equi]ibriurn -r A = and cqoadon {PS3-9.2) becomes upon rtimnEinent 
Kc-£k 

b) A + 2.B — > 2D 

JLt lo* CtBfentnrtf rsicilan ii ifptorsiljls »ŭi tise liti ll» l»! 



k c c 



Ir%^rV-sS» 



W s ŝ.-r 



A + B->C + D 



U>w 



tcmpcrarures 



1 + K A P A + K B ?b 



v/* 



Elzlflconfd 

High tcrnperaturcs 



k[p APi .PfcB_] 



" l + K A P A + K B P B 
IM- 1 1 2A + 9B -» 2C + 4D + 4E 



P_2__I_Uoat'd 



Spcdaj 


Sjrmbol 


IniliiJ 


Chtn(e in 


Fm*l McSes 


0™n_„i„ 




Napthilinft 


A 


F*o 


-F« X 


Fw(l-X} 


F*o(|-*l P Te. 


0> 


Cuvjftn 


B 


6»F l0 


•9/lFwX 


F«j<e,.9/2X} 


vio(UcX) P*T 

Eao.te, - $rm p To 


tf 


PhihnJk Ajiĥj-dride 


C 





FioX 


FmX 


F*oX P T? 




Cabtm T>iaxidc 


D 





2F*oX 


2FmX 


**Q<1+£X. PoT 

2F*oX V T 7 




Waier 


r. 





2FwX 


2FioX 


vio(l + eX} PŭT 

3^X P Tn 
*ao<l + cX)PoT 


<D 






F t .=Fio<1h 


,9.) 


F^Fic<i*8»--5X) 







6 = .■!# y w _ 0.035 & a = 20.3/3.5 - 5.S 6 _ ^ - 0.035M/2 = -0.0] 75 



v ** = Fr*RT/p. C t _=Fq/RT 

C A0 - -035 * ,24 mol / L - .008* mol / L 



■ 10 Hm/(.0S2M{L- IBn/aml K) * 5O0K) 

- _4 mol t L 



tl) 



F»-C.RT= CMfB,-»^! RT 
ft* _X) 

= 0.345 "C Ĵ,S - ftffiQ / ( 1-0.0 175X) 



Pjj=C a RT= lClar;X R.T 

(TeX) 



= 0.689 ■X/(1-0.017SX) 



EHi 



C» _ C________j_-9£_C_ 

(i*tX) 



= o.ccki rs 8 .^xi 

(1 -D.D17ĴXj 



^(l+eX) = Fao (!+!>»}.!-.. _K) RT/r, 



5-l> 



Cl + eX) 



^ ___.-. 4.(l -X)_,_ 
jU-fttpf75X) 



h> * * «•• 



P3-ll C0Dtd 



<1> 



P) 
3 



P r = C f R. T = Cio ffl^- 5/_X . ?RT_ 
(1+eX) P 



C__i__ffi __ 

(l+cX) P 



fcotnp*n _ 

frotn p*n b 
-r A - k t C^ C» 
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,„!.?»«> 



1 1 * 0.15/4 I 
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rpv F A Vf F, 'V 
{rT ) {f a + F t + F C j {f a + F, + F C J 

auJA.Tr * fr * T 

-V ^oJ^ + ^i+^Va + ^+^J 
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Solmion 

Th.errnodynaiT_.es predicts the re-cting species iix a reversible 
reacdon are relat.d by the equ.a_an given below. 
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Stoichiometrjr: 

Constant Volume Batch: 
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Th. _qu_.txcn_ abov_ v/ere solved uiing FOLYMATH. The 
e^uations in FOLVMATH notation are shown b_low. 

f [xcf ) - xef - ((kc ■ (I - xef } - (1 + ep_ * xef )) / (4 * aaj) "0.5 

f (*_b) = xeb -(kc * (1 - xcb) / (4 ■ c_d)) • -0.5 

_c = a.i 

p0_2 
t0=S4ŭ 

cao = (y_0*p0)/(i0* 0.081) 
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ytO = i-y_Q 

y_0 - (numbcr b«w_cn ind L0) 
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■ v « Highci cqmi]hrium cofivrnlcn. 



*2d5 H> + pra -> 2HBr, Givtn that Vh , = 0,25. Y BrI = 25 

Y, ^ 0.50, Po = 10 atm, T = 400°C = (400 + 27Ĵ)K = 673 K 
The kinetic expres$iotl fŭr ihit rsactian is 
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C *T.1-II 



F___>_m Ejjn, -3 



P (_ " <VET ■ 



<* / p)tT/ V (1+ * 7 ~ I] 

s Lail»rIy ft>x _ *nt_ P 
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rr.ci 



c _ 3f0.58X0.3Q5l _ D1 ^^l 

^ (1 +2(0.5«)) 



c**»- 



,v. 



wne reaction. mt U*. _nd _ui«i __ne_o___a_ _s p*rt (b) __s p(_c biieh re_ai_n 
£-_idti_rifieci_r: 

C^ = N A /V_ N„,{L-X)/V-_i C^CL-^ 

C_ - K c / V -3N AD X/ V_ - SC^ 
Combinc _nd ScN. fbrXe: 

K c C„_CL-X_)-C3C AO X-} J 
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£ ■= Jf*, 5 » (l>P- 1) = I vuJ Sc H 
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C,;Ĵ (0.305) (0_5£) / + 2(0jSB» = 0.216 mol / dm J 

(SoLuŭom by ĵ.T Sifldni. Jt.) 
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T - 7S-C , 3 

vl 4 "por pt 



48 



V*t 



N^N^ti-;^ srr=Kwt$»-X3 $t-*WN J *-LG 



-r A ^ k C A > C, = k N/ N./vUk tW II - X] 1 / fV J | ♦ tX\^y. Nao a (*«!■<*«> V„ 



-*.-** 






*r*^ I . Q { ftV / (U Lb cnak} 3 MK} tfl -75 / ( .7 3 iim ^bmo! *R ■ 600* R>1 3 f 1 - X\ y 

-r*^ Ĵ.Oi ■ 10'* iLiJŬ* Ibmol / ft 5 1«- 
(1+3X) W 

0» V BS V [) £l*iX)l/2 

■2eQ.15{! +3X) U1 X=.2i9 

-t a - 8.63 • L O 10 lbmol / (? stc 

£lll2 There will be no solurion givcn. 
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3 Si HQj + m 7 -* 7Si (S) + 7HO + Si H 2 a a 
TaieSjHa^iLSbaas 
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Chapter4 

Gencral: 1 fee! one of the purposes of ihe homework problem is to encourag* 
sludents lo re-read the tett and tecture notes. The problems m this chapter reinf< 
the algorithm that wil1 be used throughout reaction engineenng. 

F*& Th.s problem gives the guidelines fer the students to develop origiflffi 
croblems. If you thh* other guidelines should be added send me ane-mi 
(sfogkr@umich.eduJ and I vvill see if they can bc added to the next pnnbr 

P4pŬ I wou]d suggest asagnmg Ea). perhaps UJ or <k) and therv only ■ one or t 
pattt (b) through (I). The ones that are assigned could be altemated t 
year to vear. 

Bft-3u Show$ a CRE application In the food industrv. 

Many of our students are taking jobs in the food mdustry and General I 

providcd this probtem to give an example of reachon kinetics m the J 
industrv. This i& a fairly straight forward problem. 

Liouid ohase reaction in which parts U-d) are quite straight 1°™™U 
provide a reinforcement of the CRE principles. Apptied to a PFK ana w 
Part (e) is open-ended and requires some judgment. (There is not necesSj 
one exact answer for part <e>, it depends on the reactor down time i*JW 
for emptving and filling and dcaning the reactor.) The problcms gwa 
altemates are equa!ly 5ira%hl forward, The onty problem more str« 
forward than this onc is CDF4-J B . 

Rea! ltquid phase reaction and date. Parts (a-d) are fairlv straight fo^ardl 
provide reinforcement of prLnciples for Hquid phase reactions, 1 ari j 
open^nded and is similar to part (e) for P4-4. P4-4 and P4- 3 coiM 
attemated from year to year. 

A eas phase reaetion with a change in the total number of molei 
votumetnc fŭow rate t>. If etther P44 or F4-5 ts assigned at the sanje tffl 
this problem, I woutd suggess asslgrung onty parts (al and (b> atic t p 
part (eh In part (e> thev must solve for X and dtff^rent temperatures t<j 
L optimum. tJUso see CDP4r-T A for a gas phase tmction wtth* cte*m 
the lotal number oj moles. Prablem CDP4,F A , vkich ai« oĵten *&^ 
from the srcond editicn, is straight fanwrd and Temforces W 
prirtcipte and can be dtmtatsd form yecr to year vM P4-7 probtenU 

This problem is somewhat open-ended and requires « me creatl 3 
figure whv the pressure conversion is GREATER than the P r «* 
conversion. Ask the students to do some bra^nstorming. Depetiding 
time svailable, I would only assign part <a), especially if part (e) oE r*/ 1 
assigned at the same time. 




P4-4. 



P4-5. 



Pd-6. 



F4-7. 



P4-8. 
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P4-9. Troubkshooring Probkm Students need to brainstorm ideas of what could 
be wrong with the reactor. Troubkshooring probkms are being given to our 
students more and more as first or seeond assignments in industry. Pcrhaps 
point out Kepner-Tregoe Strategks (See Ch.5 Sirategks fot Cteaiive Ptoblem 

Sotving, , Prentice Hall, 1995]. 

F4-10. Parts (a>, (b), and (c) are straight forward to cakulate PFR and CSTR volumes 
and a batch reacrion time. Part (dl is similar to Part (e) of P4-4 and P4-5. This 
probkm could be allernaied with F4-4 and P4-5 from ymt to year. 

Probkms F4-11, P4-12, P4-13, P4-14, and F4-15 These problems are great rnotivators 
for the students because they show the competency kvel to obtain they 
must rise to pass the prokssional engineers exam, A few years ago, and it 
still may be rrue. The California exam was one of the tŭughest, if not ilie 
toughest in the nation, There was no cun'e, you had to have 75% to pass. 
There were six problems (stokhiomctrv, fluids, thermo, heat transfer, 
reaction engineering, and ptanl design) and you were given 3 hours (1/2 
hour per problem). 

P4-16. This problem rcquires p bit of thinking and manipulatton of equaitons. 

P4-17. The sludenl cannol use any of the equarions presented in the text thus far 

and must use a rnodel balance to derive a new equation relating conversion 
and distance. This probkm also serves as a motivational problem because it 
shows how CRE principks are applied to the new field of ECOLOGICAL 
ENGTNEERING Parts of this probkm are solved on the web module 
"We(lands". 

Probkms P4-1S, P4-19, P4-20, P4-21, P4 22. P4-23, and P4-24, are all probkms 

involving pressure drop- 

P4-18. Straighl fonvard reinforcement of CRE principks. This probkm is similar to 
P4-22. 

P4-19, Trial and error solution using FOLYMATH neither the spedfic reaction rate 
constant, k, or the pressure drop pararneter, a, are given. 

P4-20. Trial and error using POLYMATH This probkm is a much shorter version 

of the ana]ysis required in P4-21. 

F4-2I, Parts (a) and fb) are straight forward, p3ug and chug calculations, Parts (c) 
through tg) requires some analvsis. This problem can be quite long 
depending on how may parts are assigned. 

P4-22. Fairlv straight forward probkm using POLYMATH. Altemate to F4-20. 



p.4-2 
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F4-23. Tough problem. Need to soive fot Ihe conversion several times to plot £ 
conversion vs, particle diameter in order to find the opttmum catalvst stze. | 

P4-25. Reinforces that the algorithm can be applied to a reactor of a completelv 

different slope, a spherieal reactor. Fairlv straight forward probtem using '. 
POLVMATH. 

P4-26. This stratght fonvard prohlem Is [he recommended problem to assign to 
reinforce the principles of semibatch reactors. 

P4-27. This problems is an altemative to P4 26. Also see CDF4-1; and CDF4-J B , 

P4-28. Tough problem involving CSTR \vith recvclc. 

P4-29. Apply ihe unsteadv state moie balances to three CSTRs in series. Use 
POLYMATH to solve three coupled ODEs. 

P4-3D. Membrane reactor. There should be enough hme for the studertts to carry 
out part (d) parameter variation and ask "What if, , ." questions. 

P4-31. Membrane reactor problem thai is an altemative to F4-30. 

CDP4-A Good problem conceming batch reactions. solved on the web. 
CDP4-B Alternative to problem F4-17. 
CDF4-C Reversible batch reaction. 
CDF4-D A 1 1 er na u \ e to CD F 4 - 1 3 . 

CDP4-E California problem Lhat takes 30 nunutes to solve, 
CDP4-F Very straight forward problem. Good to reinforce principles 
CDIM-G Optimization problem - not 100 straight fon-vard. 
CDF4-H Verv straight forvvaid batch reactor. 
CDP4-I Semibatch - altemative to P4-26. 
CDP4-J Most straight for\vard problem in the chapter. 
Problems CDP4-K tlirough CDF4-M 2 11 irivolve recyde. 
CDP4-N Radia! flow reactor. New equations must be derived. 
CDF4-0 Bacteria grovvth in a batch reactor. 
p.4-3 



ĵrd EditiotL 
CDF4-P 



CDP4-CJ 
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CDP4-P Fairlv Strsighf forv>*ard Califomia regislrabon problem vvhere you must 
cairy oul a number of calculanons involving conversion factors to 
calculate CSTR and PFK reactor volumes and a batch reaction rime. 

CDP4-Q I might assign this again if hell freezes over 
Summarv 



P4-1 

i P4-2 

P4-3 

P4-4 

> P4-5 

P4-6 

P4-7 

':';'P4-9 

' P4-10 
P4-II 

P4-12 

;;w-is 

F4-IC, 
P4-I7 
• P4-1S 
P4-19 
P4-20 
P4-21 
P4-22 
» P4-23 
P4-24 
► P4-25 
P4-26 
P4-27 
P4-2S 
P4-29 
P4-30 
1*4-31 
CDP4-A 
CDP4-B 
CDP4-C 
CDP4^D 
CDP4-E 



Asiignecj 
O 


Alternaies 
3 


Difficulfr 


Time 
30 


Solution 

Nq 
Yes 


! 




SF 


2Q 


Yes 


1 


A,C ( D,o' 


S F 


11 J 


Yes 




?{a,l>),10(a,b),F,HJ 


SF 


,,; 


Yes 




7 iii.i*.. 


FSF 


7? 


Yes 


AA 


5,6,F,G,HJ 


FSF 


60 


Yes 


O 


1 




25 


Yes 






25 


Yes 


AA 


5,6,7,F,C,H 


? : SJ 


>,n 


Ye$ 


AA 


12,13,14,1 5,E 


FSF 


,:,i 


Yes 


AA 


HJ3,14,15,E 


;■'-]- 


40 


Yes 


AA 


11,I2,14,I5,E 


FSF 


■Jii 


Yes 


AA 


11, 12,13, 15,E 


!-]■ 


40 


Yes 


AA 


ll,12,n,14,£ 


FS* 


40 


Yes 


I 
O 


5,A,C,D 
B 




;>u 
35 


Yes 
Yes 


AA 


19,24 


; : ; 


45 


Yes 


AA 


16,24 


SF 


*S 


Yes 


AA 


23,22,23 




60 


Yes 


AA 


20,22,23 




60 


Yes 


AA 


20,21,23 


FSF 


60 


Yes 


AA 
I 


20,21,22 


FSF 


75 
45 


Yes 
Yes 


AA 


27JJ,Q 




2 

60 


Yes 

Yes 


AA 
S 

s 


26,IJ,Q 




»0 


Yes 






5? 


Yes 






60 


Yes 


AA 


31 




45 


Yes 


AA 


30 




45 


Yes 


AA 


4,C,D 


SF 


45 


Yes 




17 


>T 


45 


Yes 


AA 


A,D,0,4 


SF 


45 


Yes 


AA 


A,C,0,4 


SF 


45 


Yes 


AA 


11,12,13,14,15 




■!:" 


Yes 
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CDP4-F 


A 


CDPW] 




CDP4-H 




CDP4-I 


AA 


CDP4-J 




CDP4-K 




CDP4-L 




CDP4-M 




Cl HM N 




CDP4-0 


AA 


CDP4-P 




CDP4-0 





60 


\us 


30 


Yes 


30 


\ es 


60 


Yes 


-r- 


Yes 


vi 


Ym 


■'i 


¥es 


50 


Veg 


Sii 


Yes 


sn 


Yes 


hn 


Yes 


45 


Y,-s 
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4,J SF 

F,H,5,6,7,10, SF 

26,2?,Q 
26,27,Q 

L,M 
K,M 
K,L 

A,C,4 

26,27,I,J 

Aasigned 

• = Always assignod, AA = Always asstgn one from the group of alternates, 
O = Often, 1 = Infrequenlly, S = Seldom, G = Craduate lcvel 

Alternates 

In problerns thal have a dot m conjunction with AA means that one of tl«l 
problems, either the problem with a dot or any one of the alternates an| 
tttways assigned, 

Iim£ 

Approsdmate time in msnuies it would take a B/B* student to sotve tln 
problem. 

Difficulty 

SF = Sfcraight fonvard reinforcement of prinriples {plug and chug) 

FSF = Fairly straight fonvard {requires sŭme maniputation of equations ori 

i n termed i a te ca ] cu la t ion) . 
IC = Imermediate caiculation required 
M = More difficult 
OE = Some parts open-ended. 









! n|nv l Phase 




Gas Phasc 




Str.iighi Forwar d 




Fairly Slraight l r or 




More Difficult 




fetennediate Calc 




PflJfameter Variali 




Cttnpeting Effecti 




Pp«jvcndcd 




Critical Thinking 



*Note the letter problems are found on the CD-ROM. For esample A ■ CDPl-A. 
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Table 4.1 Sojution Marmal 
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CSTH [ PFR 


MembiaiK 
Reactar 


PBR 
4P 


Bateh 


Seniibatch 


f Uquid Phase 


5,6,&28 


%6,t7 






3,6,7,10 


26,27 


J Gas rhase 


9,10 


7,10 




18,19,20 
21,22,23. 

24 








7{a),lQ(c), 


5(a,b)> 


3031 


15.20 


4.5(b,c), 

10(a),C.D. 

H 


26,27 




Jrairly Straight Fonvard 


3 


n 




20 


I0(e).A 








7(d),H,]6, 

FU' 


2(h),7(d), 
13,15,19, 

Piisi 




23,24 


3,5(e},6(e), 
7(c,d).£,Q 










12,13,14 




19 










7(c),S(bJ. . 
2S(e) 


17(d) 


2(a30(e) 


2 




26(c) 






Gf»,7(e) 






23 








CHticaJ Thinking 


2(),J0,8,9, 




3l[e) 




ĈJeJ 






#tf)£ft, 

19(0 


4(0,5(11 




20(c) 


26(f), 
27(d) 
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Chap(er4 
P4-1 No soludon wil] be suven. 

(a) Cooking food (effect of tempcnature), retnonng a Slain with bleach (cffcct of ble^ch 
coneentraUoiO, dJssolution of sugar in coffce or tea. 

(b) Acecpt caia]yst; 

1) X is stnali and pressure drop is iinaffected 

2) cosl savings 
Rejcei caLaiyst: 

1) Pressurc drop now ioo high thereforc !ower conversion 

2) CataJyst noi as active as ii should be 

(c) Bad idca for 100 tubes in scrics. Prtssure drop wiH bft too great bccause of grtater 
mass flow ratc through a single tube and bccause of the tube leagtlL 

( d) U s i ng POL YM ATH and u>e set of equ aii ons g i ven in e* ampk 4- S , 

graph convcrsion as a function of catalys< «eight 




ApA^- 



G[i-<j>) 



ftiA^ 



L\small + M5G] 



(E4.-S.7) 



Therefore, there is no effect. In futOTc experiments, run it so that they do not 
increast and decrease at the same rale. 



*F? 



.4.-2 coruM 



eĵ ^ To detcnnine tbc e^uiiibrittm convereion use thc foUowui e 

cquauŭQ 



"^ 



(i-yf/l'(i-f-£y) 



Xef 

FOLVMATH and chaugt thc tnert value Erom G lo .9 record thc resm* 
To ' detenmae G«] « n v«sio B use the POLVMATH progrem giveu Lq ^ 
«ampfc and make F« a fu^iction f the mole fraction of the inert and usc 

to find the convenion. Record ihe resuiu and graph the cwo cooversioas 
as a funcbon of moJe fracLtoo: 



Conversions vs. mole percent inert 




The advanLagts ©f the incrt are obvious by tbc graph; as more insrt is 
added the conversion increa$es. The disadvantage is tbat the mcre inert 
you add the I«s of A you will bave and thus tfae Icss of B you will crearc 

(0 The foUouing grapbs show the flow rates of A,B h and C as a 

functjon of volume. Each grapb represents a different K, value. 

For kj values not sbown h sbould be noied that as k_ Lnercases, 
the maxunum vaJuc of F B cec reas es. whik the other fIowrales 
arc mosllv unaffected. 



4-S 



__ conftf 



_Fa ' 
— Fc i 



I 



_Fa 

— Fb 
— Pc ** 



4-2T kc=l 



__= 

_Fa 
-Fb 
— Fc 







+f 



i^2 eoal T d 




4-2t kc=7 



By varying tbc paramctcrs, ick^.F^ ii can be dcicrcnined (hat fcceping 
tht fc id Sc* ratio high wouJd opdmiic tbe proccss getuag thc reactiou donc 
in less vflltunt. K< has littie etfcct on chc rcacdoa as 3 who!e, Keepin S 
Fao !ow ŭJso hclpt Ittcp thc volume dowrj, but on thc othcr hand it keeps it 

from having 100 much rcactcd* If tbe [cmperaftirc wcre raised tbe volmnc 
Dccded would dccrtasc. 



tjme vs flovvratg 




V-/ y 



Thc maitmuiti cDnceŭtrauco ofCandDinEaampIe 4-22 Ŭ the derivative 
of C A sel. to tijuaJ ztrc. 

di 



» *c,c. 



b) lf one subsiitutŭs ihe numberc 
profil = [ .150^51 - 44,04 • 3600 * 24 * 365 • .6~[ - 

|p 04 * .425 * 30.06 ■ 3600 • 24 • 365) 

- [0.043 • 0.0736 " 3600 * 24 " 365]- 3,000,000 - ^tmiŭian 

[200.000,000 ' 0.38]- ([0.04 ■ ,425 ■ 30.M1 -(0.043 • 0.0736]) • MCO ■ 24 • 365 ■ 52 milliofl j 

lhcy will nol malte as mueh uioecv 

ll loofcs unfavorablc, Hovever, elhy!ene oxide is dangerous to transporc and ihcreforc, it 
wi)| bc made at the same Jocaiion. 



me)ebai*acego«to: 

T ^C, 



1 + tf 



C ' = T 



l-KiT 6 br = ln- 



1+-*T. 



— c. 






^*// 



±l2 cdnfd 



UJ c « r 

l + *r ' 



L**f, 



i-i&t-M 



j) Imniediaiely flusa eyes oc skin wich lots of svaicr for at |&m 15 

minutes while removing ropuminaied clothing. 
k) ELhy[tnc oxidc-Use safety goggles. use buryt rubbcr gloves, Kcep 

from fire, prevcut cqquc\ wiih air. 
Bromine cvanidc-use in eloscd svitcm with a vcdl usc protective clothing 
and gloves, s*fety goggjes, prcvent eoncac? with warm surfacts. 



tf-ll- 



PA-3 . Lpcir_i i ^jvitUl £i£AJUii 3aj1 mi Fs. lifflA 



Ahd Artt 



l.«0 



J3.1 
94.1 



tt r*i?ett io i?**S< 



Ll cootoil C. - i 



Ld (e. n M) ■t.i.i.i-if 



Limir rtlitioaitip. Eitr.pili: 
;:, iJ: ( - 11 fciBŭti» 



ŭ| tiar vi, ^~ iad ic t » 
;g T, - flB.J*C - 3«L.+5 t 



Ir 1 i 1« J l ' 



^/i 



P4-4, Assume conslant voluiue batch reactor. 



Molc balance: 



• 



Rate law and sioichiometry: - r A - kC A - kC AO (\ - X) 
Speeilk rcaction rale: k(25 D C) = .0022 vveeks' 1 



*r tDC -\ 



°i^a-x) * 



r ln(l-X) 



* -.id 



C a =CaoOOC) 

Sincc, volumc and moleculai weight are constant the equation can be reuvritlen ; 
m A =m A o(l-X) 

6500 TU « ieao (1-Q 108) 

- 

m AO = 72B7 rU 
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F4-4 (cont'd) 

b) Strving siic = 30 g. ! 0,000.000 Jbs/year (4.53 s 10* g/yearĵof ccrca! made. 
Numberof servings per year = (4.58 S 10-*)/ 30 =1.51 x 10 1 
Each servin* usej excess of 7E7 JU ( 1.02 x 10 4 Jb! of Ruuienii 
Total exccss per year = (1.51 x 10*)* (t.02x 10"*) = 154.11 lb/year 
Total overuse cost = S5/]b * J54. ( J Jb/ycar = S770.o*0/vear 



C) Lf tbc nuinenls are loo «pensivc, it could bc morc econorruca' to storc thc cereai at lower 

temperaturcs where nutrients degrarJc more slowty, ihcrefore tovering ihe amoujit of 
overuse. Tbe cost of this storage eould provc to be the more expcnstve akernative. A cost 

ŭnatysis nceds to be done to dcterrrune whkh situation ^ould bc optimal 



d) k v 40 D C) = 0,0048 «eeks' 1 



Sraonths = 26 weeks 






■ C -{^J^-'T^- Xi 



Ca=CacU-X) 

Since. volume and moleeuiar vvcighi are constant the equation can be rewritten as 
rriA= m*o(l-X) 
650OIU^TTj AO a-0-10S) 

rruo = 7Ĵ67,12IU 



«ov.Si ?*-*-»™ *™.»** 



4~*T 



A + B =9 C C A0 = Cbo = 1 mol/dm* ki = 0.07 dmVmol/min 

v >, = v B = 5 dm Vmi n E* = 20.000 cal/mol 

T| = 300K 



Rate Uw; r A =-kC*C B C*=Cao ( I -X) 

a) CSTR V=200dm 5 T=350 K 



^V*, 



Using the Arrhenius etjuation ai the CSTR temperature of 350K yitldi the new specific 
itaction rale 



tiucuuu raic. 
jj| ™" * P 1.987 UOO 3S 
k»8.45dmVmol-niin 



CSTR Design Equaŭon: X^V)(- rA )/(F A o) 

J; ' WM -'H» i =^5«'g>'' 1 - it '' 

min 
Irom ihe qu»dratic eq Ltation : X=0 .925 



f '|ES V=800 dm 1 
tJesign Equatjon: 






dX = - 



(p.07 - ,. Ki-prĵ^i-jf)' 



min 



1-A 
Jf =055 



[j^-^W 



V-A 



! 



P4-5 (cont'd) 

b) __chJ^ctor V=200d- J N AC -N BQ =200 moles X=0.90 Assume bothtrmal 

Design Equaiio(i: 



•"*{% 



t ZOO moJcĵ) 



moJ " mm flm 

= 1.06-min 



Find ihc spccific macŭoii rate ai the new tcmpcrarurc of 273 K usiflg the Arrhcaius 
Equation. 



(20O)(9) 



(2.54xlO')(2DO) 



* 2.5 days 



d) At higher Gensperaŭass ihe tate of the reacucn may be extremcly high, lf the rcactioa is 
exiremcly exothermic, tbe lemperarurc m the reaeLor may get, 100 high maku_ ihe process 
unsafe. 

c) Assume for each batch il takes three hours to fill. empty. clean, and heat to the reaction 
lemperature. The reactior; takes onc minure to cornpiete, thertfore we can carry out cight 
batches a day. 
In one day, the reactor processes: (10 mol/min)(60 min/hr)(24 hi/day) - 1800 mol/batch 

j_moi _N_ ^ lSOOmol 
Gao " dm J ~ V " V 

V-lBOOdm 1 

Use a 500 gallon reactor at a cos! of 567,000. (1997 priccs) 

fi The points of thc probiem are: 

( t) To note the signifkanc differences io processuig umcs at differenc temperacures 
(i.e. compare part (b) and (c).) . 

(2) That the reaction is so fast al 77 C that & faatcb reactor is not appropnare. One 
tninute to rcact and 180 10 fill and empry. 

(3) Noi to be confused by irreleva.it info-maiion. It does not matter if the reaccor is 
redorblack. 



W-/y 



o: 



+ CiH,OH -> 



Cf? 



Spccics 


Syrabol 


Enicrins: 


Chanse 


1 ";'.■-,!;:: 


MBP 


A 


S* 


-ĉ\-.\ 


•■* = !-Vl X) 


bnujiol 


B 


5F W 


- = , .X 


l\r-\' v ,/5 Xi 


m? 


r 





PxcX 


i---\ ,.:< 


watcr 


D 





F«X 


h-K,\ 



eoierins Fbou^i - 5 F M3P . 
ta - k C A C 3 



j^fcc^goc^ 



clemeni4ry rtsctiŭn 
forliquid lj5xmi 
volurnethc Qqw tj ■ u a 




*«* ".S^ira 



m e -4 X | D ^. ( F c = 4 xlO S tb/yr , 3Cd/yropcraaon 
F ,4x 10* £ x iS J4- * n.b.mol gg 



v^-icoo^^IA-^.^ 

133.7 ft 3 ^- — 



2Q [gmola/hr 



*dfc*(™MMt«» 



X S -6X+L.S9=0 
X=0.33 

n:ion. *. usc ?FR. ^ s hcx Einpeiarjre. ^ D - Me a b^ caci j yst _ 



y-/« 



Va F M X 

= iCi,(l-X)(5-X) 
[60 lbmalfhy.84)_ 



1 lbmol _ W famol 



ilbmol-h/. ft> J tl * ' 

d) PFR Dcsign Equaiion 

dX _-r_ 

a?f *gJo6-JfX~-Jfĵ 
^ " ' F«_ 
V - 535aW 

«) Mh* — JP) „ _ 7a jMboiot V»1000__ H | __.7 (r- 

therefcft 14.4 X Itf tbrMlDfDBPctedtabtpradJKediaJOdjjT 



-fr 



Thc above e^uaiion reiates ihc rtŭcdon time for a baich and ihe convemon 
achieved during thal baich. There is a aade-off bctween high conveisior and few 
batchcs and low coovcrsion bu[ man> batehcs per d_>. WbJt conversion wiJi 
resull m the smailcst number of reactors? 



Product N A0 X * 



renciOr * day 



_av____i_ 



M = 0.2Ĵb/7iol / Jt^ 
jV a0 ^24 

tC A0 (ĵ-SZj 



Moleproducl 



-M^o! i day 



J(X )moltdsy f rŝdctor 



=/(*) 



i-/f 





Thc minimum occu^ ŭ[ X = 0.S2 «Od cormponds 10 4. 192 or 5 reactors 



-B-2C 




Git*Ĉ^ 



n-xi 



RT (O.Oa^OOj'^^ 



■^-{«s+M)-* 

*$9 ' 



y F AfS Xj\*tX} 



, 4JA=3 *wJ 



(a.SM c.--)(ŭ.33-.ovW)[l-.9) 
**,^ iC Ai ^(l-X) 

f (2-5a;oVn-ir.) V, i 

(0.0» min--](0Jm O !/din 3 )| ll+il '"Ŭ5" 1 - 

=(lSS.i dm J )(Ĵ.Il} 

V^9*r ati 3 



i/-3uO 



W-7/ (confd) 
(d) A » B + 1C 

RaitLa*: ^ = - k< (C t - C_ t^/K^ ) = [ii equilibri um) 

K c =0.025 

Sioichicme^: c - W~X> . C. = -^ , C c = ? C " X 

k c * c r = f c " x Y 3C " x Vf t+_x ] ic-x ! 

c c, U+cxAi + ^;[c^(i-x)j"(iTdĉHr^ 

e = 2 and C M = 0.3 

X„=0.5Z 

X = (O.W)X H - 0.47 

CSTR 

* n K *- f[| XI - dC 'l X ' 1 

r * [l + £X)[ !l X) [l + eiVkJ 

v _ F^X(L_+£X) ^ (2.5moUrtunHO.-*71(l+3(0.47J} 

kcJ(|-X)- 

Vsi300dm J 

EEE 

- dX 
F "dV = ^ 



O-^cVj-k.J (0.0+4 mlii ,, X0.J»oUd[ii , ni-0.47j--y: 



4(0.3 mol/dm ' )' (0.47)' 



(l+2(Q.47})-O.02J 



- r _ fcC,. f f , X1 4C;,X' ) 



Using ihcse «ĵuaUans in ŭe PDLYMATH program below we g«t Ihe volume lobc 
290 dni 3 . 

















ji 


1$ 




£ f 




//-<V 






ŬOi*irj.i- , J 1-X 



ThcrtTDit. lnul iyclt u.rrc » 1 LSbvjj + ĴĉOfSui riTfifflin 
I» ooe d»y Ibue ire I «i'*"i = Ĵ.Oi - J «o* 
TbeefBf* !f*s - WW - 1200 roelej 



E j « 



V-&OUflba" < *J-r 



(d> A « b 4- 2C 

IUte Law | . f . = -fc,^ - CjCj/K, ) » {» equilibnum} 
*c - 0.025 

c,.q-x} c C„X c , 2C U X 

^■Sĉl.fC^VaC^Vr » + E X ) 4C;.X' 

*»2 and 0^=0.3 

X*(0.90)X„*0.47 



<—£*-((. v^ 4CŬX r ^ 






fi.ĵ mol/aiaX0-*7)fl »TfQ.47H 



: 4 (1_X) "I[St) (a:o^ ^ĵ(o.3 ^'J g- .47) - 4" '"^t^ 

V ^]^£X) K^; A V (l + 2(Ŭ.47)) : 0.02i 



*£S> 



P4-S (coni'd) 
Fredkted 



c^i-Ĵ^ (1-*) 

mol 
mol tnLn ^ gal J 



V o fl — ^r For Reactor 1 
(1-X) 1 



500 gai 



500 sal X\ 



l*3Xj*Xf*d 



Reactor 2 
5D0 ^00(X 2 -3S) 

1-2X, + X? = X 2 -.3S 
X|-3X + 1-3S = 



^vBM.? 



^-Ai 



P4-10 



(a) Bcnzene i& A 



f or eqtii libn um -r A =0 ,*« C 1 -»« 



C i _ C B C C 

A ~ K c 



*CaJ-xJ c a =-^ c = ^=* 
a 2 



cL0-xJ 



cL* ' 



4K t (l-Xj=X e J 

4K t -gK ( X c +4K t X/=X ( ĵ 

0.2X ? -2,4X ( +1,2 = 

X e = 0.52 



(b)PFR 



Dtsign E^ualion : V = R f ^- 



RalcLa W ; 



- r A=fc, C; 



, 2 c,c c ) 



>e&?: c A =C^(l-x) c E 



C V X 



c — L- 



( Jbmol R y r ' 



y-^y 



P4-I0 (eonrd) 

Combine : 






(lO)bmoyminXiniin/60s} r* dX 

" (lS00ft J /lbmo|'sX0.0D37J I * ft-K? -0.8»X 1 ] 

/ 1 [ 0.523 ^ X^11.45 ^ 

V - 61 \ (0.617X11.45-0.523) 111,45 ^ -0.523 JJJ 






(c) CSTR 



Dcsign Equaiiciti ; V 



F^X 



-^-^) 



■ , c^x c^x 

SwichiomcLry : C A -C^tl-^J C,=— - c <- — J— 



(10X0.51X1/60) 



(1800XO-0037) : (1~ 0,517 



>wj 



147.73 ft 1 



(dj 



Amount proeesscd in CSTR : 

(| lbvnoVmv>X<& min/hrX24 hr/day)= 14.400 lbmoVday 



¥** 



P4-IO(conr'd) 
Batch 



J -r, kC; i 



1 R-g 

1 ^(^^7XJ1.4ĵ-0.5Z3) ln [TiS(S^f |) 



ad a y thcre «J bc 6 niiu £ fc y ** ^ ^ ' Cqn * "** &W*4iw bou^ 

^^J^— = 2400 IbmoJ/run 



= N^rjdX 

1 ^.((o. 



t J -r 



I 



■ J67Xl 1.45- 0.523) 



2400 



[ U.45 (x~as23J|J 



v = 48.690 ft l 



C*j E = 30,202 bcuflbmot 
f°rX=O s -r A -kC^ 

~ C MSXJ1 ^KftC' 



-[" 4 .. 



T*« 



k C : 



fc«* k(t, t,J 

R(i259.67-R 1S59.67-RJ 



_20.202 biu/lbmo! 



m«sg I-ra7btuflbmoT-*R(l259.67-R 1S59^ 



^^r 



■ c-z.: reittic-ft is ' 7 --■--«■ 
-* A - t C^, t - .caii =ii 
E - n.aaa £»i/fnote 



X - 0.90 

Itp - 1000 lb/Lr 

cnrj^ ■ sa ib/ib-moit 

CMlfJ - ĵfi lWlb-n)U 



>[ 

I 

I ' 
>[ 

D - tuTje ditaster - 1 laeh (I.D.J 

L • cobe leafna - 10 feet 

F - 132 tfiif - C 132+14,1 )pU*-l4« .7 pii 

T - 2fiQ*F - T2C a R 

- » n-Dbtt of toieJ 



i " 



.001Ĵ e 
Jc,- .0 

.*. V 



■ 19.1 loaale/fcE. 



. plaj flo, 



o - 1-1-0 J A » 1.0 ■ m y A i - 






J f "AO'- 

At T -= 2fiO»F - 720'F. »i?a k, - .0015 t 



l 2 =* ieI pv§^-^! 1 



. ao<? *. S40*S, 



g=tt. K 

F B0 * 



-Um.: , 



I F '-.pu, 



*t*> 



P4-1 1 (com'd) 



j jJtSEEL. " MCJ,S " ****$? 



flip [{ -33 3 ( <^o> mo7 3} " - oai * ^ 10 '*^- 1 
' ' .- r v - tl^J^^j j___u ( ____j__. tj^i"** ^ *«'* 

h r l 53.1 1 ( 60 BlJ C ,«. 7 t fli f 1 l_ U 

- C.7Ĵ ft 3 

v * 4 » ■ ' « = - <v - c * Uo -7-_lf /._ _. 



^nn - fl 



"n: TobcUr fl_.- 



-4E__~V 



£li__i_: 



e - - l : T = A0 



1 T A0 ŭ - - 1/4 



!*■***■ j fr i 



r 2 _ * *p 




V-M 



P4-I2 tcon['d) 
*C 2 v, 



' ' " ;s i -j * ni - a c :: ' 



■- ' C f > * f , " V V - _- , U.S01 - Z.38 



AO 



r AO 



iV 



.*. j.ĵs - % i ♦ i E [*+*') u Et-*'' 1 * '(i-i/j* :[ait bŭ 

iolTaŭ bj trinl *_£ ----t. D_pin.-ti_i ter » l* ttmlerllne., Sntrc»«ĵtnf the 



SiŭCD f k - 

C 8 ■ C AO* 
For tfc« fi 



S - [- 



U.Ĵ"- ^ - ic c.+. n B ri-i ll 



:■ 



Solaciŭa (1) Anui l v*iŭt o£ 1' 

(2> Clcutc » u* I' froa L.H.S. ai tkc ibovc c^n.tlea 

(3) C-c?are di dic ic? Hltt*. of I" in L.S.S. c-f the efl.uiiti.fla and 
resjeit sttjs (2) ind (3). 

_.' _ 1-ĴB - O.OZTgl' * 0,.781ntl-3 1 

3,17 - O.D_7-l' * 0.-7Jl_[l-l' ) 



Ciicŭinei nifff ____&_ 

0.7* 






_?■•'*« tho *_, 



0.700 0.7 63 

D.T_3 0-7.- 

0.7ĴE C.7S5 



,*. I - 0.75S 



________ Civcn: Ti.4 = el»l cinlvici i socir i j* ti az . A ( __ E, li.qu_d Jb-i 

-r^ = k_ ECiHŭJj; 1 *-t_ K^- = Ĵ,B 

For ■ pl. s fl D _ rcit»: .it_ y =1.0, X- - 0.55 
Cnc Ir P.F. ccicr 5t _ s58 ._cte_ i_ _*=ie_ -it_i t!__t de-.ribed __o*e 



— 4) ~> ^€I 



P4-13 (confd) 
Sidce y^ - 1.0, e B • o t 



fc 3 ' ^ : -? A - i C A[J [(!-„) - Aĵ 

Far tho firjt rttctot, 



C , - C 1PV I 



* F AO I 



4S_ , 



fiS 

1 J- fe Euttl-J), 



& Fa ° J D fe C aŭ K1_X 






'n U 



' ■ 3n U - (1 ♦ ^-) * j 

(1 * -i-ĵ %_ a 



F« the 



2 r AO j - r M u ? a B re 4C ___ Kei ___ t 



<•* j_, ' a+i/K j Ia ^- — H 

1 ****** N 'i-u-^i' 

F AO ^. ' ,ŭa tbttSp florj £fl -"- <*> «d <b> 

1 - U^)I_ 



r'^ : 



+ _^ J *2 * U.- tl+ ^— >I_Ĵ 



■ 




F A0 " F A0 



P4-13 (cont'd) 






t-ii^iijVi^H^ M***? 



J-i- T SS6> 1-.1Ŭ2 

1-1*4 * 1.174 ' 



| OTiJTSlll 






,- ho ~ f a».7 <i-V _ ? hŭ : F^U-I^U-^) 



■ l-d-i.m-i,) 



**=1±. Civ ea; 0«hD » 

51 --> 



S>»£» iiostriiitioa of iyle 



* - 200 psi- 

T - 7Ĵ0«F 

V - 1000 ft 3 < 



Ta, 



ioil* irs itrcvEisible firil 



C». B I: 

( Vc lte J -a«O s .l/hr. S !,___ _ 

i C **e II: 

%*£*« II = M#Ĵ fi*fftr*S 2 c _ ie __ 



P4-I4(conid) 

Aiiua^ pl_ t fl , rtitior saadi t i Dnx ; Fj-dl - -r__V „_ 

iol o --■, 

C AO* - * n(l v »>e»U *»* «m »mm t« C*m 1 -pŭ c,,« ii, 
*"■ lk¥, C._. I - - ( V Cll , 1 ^ l'-^„ ,1 - - ^T^ *._ U-,37) 

- ILJ_ i-L/l... 

*'' UV> _,„ 11 " - tVc*M H LB ti_1 ci« { ;i' - - T<< L" " <A lB Cl '- J01 

Rs.ater *p ? e_.i to t»e rf_* _lo- .in;. i~- } - _]£-) j 

Ai 1 eUct, MlrttBl Ehit ttt r __-__- Lciivti 11 i CST5.: 



.*. 7 ■ 



2tar 



: iv ■ 



v.: 



A S i_n, <i7J ih.nld bc l_. ___._ fo ( C*i_ I fcŭ) C*i. IIj 



IlV), 



Cne I 



>_c_.- 1 A Cu_ 1 [_,_■■ ; 1 :/>. r u.ĵ:i 



l-l^ 



^ V >Ci__ 1 ■ <= v >c_ te si ' 



!-.__ 



ct the C__7; ii!3£;:i D ., 



■ - t$r? ii3,/a»t', 



P4-|4(cŭflt , d) 



11» i.Ut 
10 00 en .f 



For th. ... - plitit, 

volu« ii: 

__ 
■ T - ^- JL i_ [i-__i 




«"Ti^- 



' r A 



*t_ 



*-.__$ 



r • v . UM _____ _____ a>i 

-■• * " 1000 bbTTŜ , u 3 
For tt. = CT plaat, *'£■*_ * b . ISOO jil/ir, Ij, - **Si t_« «*««£«** . 

VOl'.!m |i: 

■ V - 7^ 1- U-3-pl - " ?ĵg? " l ^r i- [i- # *(l - :m fc 3 ftlt. 
s.iĵs ,ii/b( 



Tfci* iiiimi (hnt t-i iiit bĵ-fa_7--E.ic tC-iilicni ici p-oit-t ln t_# 
-•■-tor -i l 3 _jj u _oli. 



1*4-15, 



-W«- ^ — > g 






-,t- Of Ktctoi inhtt 






- L t " 



t5CU.lai)[ ^- M.J * U- ftl - £.13 le- 

Ib*0l7 \ /MjA? 



7-*-- . -_-UL____ .**-,* r_A 

'fl?* ___L_l__ '♦" ibwl#*-i 



- _F A0 J 



500 t yĥr 



' * C A0^- X > 






4--Y 



■ 



P4-!5(cot)t'd) 






,i tj_ - 6ŭŭ'R i^ * .oom i 

,t T, - ?60 ( R V, - .07*0 



-S/ET, 






' v *aq* * «« 



t ■ v , AO p i-i^ 



■ 1 IJJ0 6 I, 3~ 1 SclTin 



__T_. 66&»s 



I =--ĵ*«H - 2TS'F 



?lu_ £l C - fft*( 



— € 



- fi «i> i y AQ -a J £=1-1-0 ; 



Y~lsr 



dtK)/Ŭ(l]--rft' 

K»16*-S 

w-100 
d-C.~5 

i-O.Ol 

r2 

O-l.lle-3 
rhfl-5S.S 

S*-1!*q» (1-X) 
• T-vo-Ŭ'W?/rh 
■ ci»tn/v 

■ rt«-k"M 

£ - o. > ( 





Eluatlpr.s : 




k-16t-5 




,«■100 




;|^d-D.2s 




**c-D.Ol 




vo-2 




«-(1.11*^3. 




rho^Ss.5 




S*0=CŬ5*V0 




***;ŭomi-__ 


fl.63-2 


1 . ^(«Hjĵ-v*^/ 


D.S2Ti Ad 


-*-f a . v 




***-Wa 


0.566 


| & * a, , 





P4-l7(coni'd) 
(2) Evaporation 



x vs z {2} *vaporaiion 



k-lSe-5 

w»100 

d-0.2S 

CftO-O. Dj, 

vo»2 
(hl.llo-3 

f»o-caci'vQ 

fa-fao»U-Ĵ0 
v-Vo-Q- w -i/ r ho 
e**iWv 
rm— k*ca 



ScaJt 1Q> 



riTii (2) 
£T«pormtion 



x ts z (3) evaporatĵon and condco.ŝation 




ravsi (3) 
evaporation 
and condensalion 



7 f = 1100 



*f~±* 



d) Mafcing the ratio QflcC M a smalj positive number ifiimedia(dy puts the 
conversion c!osc to 1. Conversly makinE Unai rauc any negadve number mak*5 the 
conversion go down very quickiy, 

e) No soiuifcn wifl be given. 



a) Msumc isothermaJ and £=0 

ihtrcfcre, P=P <I -ctW) J i = 10d-.0l g"'W) 4 
W = 99g. 



b) 









■(l-WoO J 



C a = Caq(1-X) P/Po 

C A = C AO (1~X)(1~0,01W) J 



Lntcgrale from X=0 to X= 9 
dX kC w (\-X) 



m f a0 

W=S9Mg 



-(1-.01R0 J 



Rrst 5% cDoversion integrate from X=0 to X=.05 

W=1.31g 
Last59ĥ conversioD integraie from X=,E5 to X=-90 

W^i0,85 g 



*f-%> 



• 



P4-I9 (co(H"d) 

b> Since lurbuleni £kiw 

a: s a, E0^i£ttV^C^&*_5 

«tt,tW*J*Cim*<M3- 
a t = .93& /32 = .019 

*i E ij (F M i/F„i) , C w i = C, 
»i = *l C t/ CU4» - 4*. t -=2.78 
By usiiie (rial and etw in POLYMATH *e gtt XHĴ.S61 

PDR 

^_*c iTT J=c„ n-xj 
rfw f -fl £, <"t+_if) J 

rfW = 2y 

Tria) iunl «ror by POLYMATH gtti us ttw fcUowin_. 

Gutssi,ci,£ ajX= 0,064 y = _12J 

b =.000101, tts.0009J3, E=l 



dty) /_( W ) =_ (i +eps * x) .j._ p/ t2 . yJ 

*3tf». 0009 4 8 

•"-OOOIŭi 



Initia l v___.i_e 



^-iP 



P4-20 cont'd 
a) Mole balancc: 
w = F aqX 



_£L 

a) 



Stoichiomctrv: 

C 
Coifibine 



C A = 


''■■'■ 


4 rY 


\v 


Ail ■ 


/.*) 


a[h 


.V, 


x = 


0.37 






l + Of 


tty 


.- fl 


+ £\')ff 


dW 




2> 



We vvill make the apprDximaiion ihai £*X wi![ be neglected wiih respect to 1 nnd 
tben usc ihc above equalions. it wil! increase as D f wiH decrease as per Chapter 12 
and ihai a!pha increases as D F decreases so ihai y decreases and thert is a 
competilion for ihc effect on -r^. Alpha also decreases as G ckĉreases therefon; y 

increascs and raie also increas;s therefore higherconversion. 

c) No solulion will be given. 



*}-%T 



f4-2l. 



a) P/P^ 1/20 = ( l - a ■ 1000 k£T* a =9.975 * 10 J kg" 1 



b) PBR 
MB: 






Raie Laiv>r*=lc C* 
Combine: 



C A =C AO tl-X) 



T *L -,*£dt,r 



! A ^AP t 



.152 = C-p 5 -) J(l- 8*l0^ft0 J <fW 



MB; W = 

Combine: 



~£C^(1-X) 

B i *_ 

irtOT 4 (1-X) 



e) ot is inverse]y proponional to cioss scctiona] aiea and thercfore the pipe 

diimeier so increasing tbc diamcicr wiB decrsase C- Since Ihis is limiied by 

intemal diffusiort, ibc specific rtaction raie is inv=ra2ly proponional to ihe 
paiticlc diamcLer. So to increase the coŭ\ crsiŭn i: is ttjse K> ir.crease rhe 
pipe diamcicr and dEcrcs.se ihe panide size. 



*) Increase is cross seclionaJ arta decreases ot Increase Ln partide diameter dccreases (X 
I ŭ could stay constanc if cross sectionaj area is Lccreascd and. parrjde diameler 



*t*f» 





■p 



CiJt D O - 0.34 

. ,. {100 

Cb * Cao (K66X) 

H.V-.X 



now &**i& 

Siow Flow 

ci-a 



Rapid Flow 

Either way its I good iia 



*Y/ 



P4-22 < TOm - d) 
4-22 <*) 








*J-4ĵl 



SolutiOn: 
Mo!c BaJancc 



jf=fcn=jtr-^{«coth«-i)i 




1 Jc' = nJfc, fc- 



:,. 



LargeD, 
Then 



cD p - 



* Increasing Particle Stie 



when D, = 2 mm, Jf = 006, n = ^ ~ ^ a02 



0-02=-^- 

c = 75 

|0 = 75D f | 



ĥLc-ichiomfitjj 

Gas, f=0. C A = C to (l-X)y 

dy or . fD ri ) 

— — = , vvherc a - aJ — — 

dW 2y l D fJ 

«, =— ; &■ = 1 -^7 —hl ■ ^ = 7.08XJ0 5 t£ 

P.(^*KA C 20 atni(l- 0.35X2.55 kg/dm^AO.S^dm') 



V-Vi 



P4-23 (coni'd} 
Gombinc 



X (k'C:\ . , 

n ^ i 



^hcfe it 1 3 and <t> = 7ĴD 



O.OO07 

0.0014 

.0038 
.0035 
,007 

.(jwk 




-7.08MO-^i^ij 

,i-I. C M = 0.20?' F ft( = 5 
*OX = Dvs|,0 

.-100 

POLVMATH pnogram Vaiy D 



iu J u.yyp .oyjy o.li O.W2" Xi 



0.54 


(j ■-;. 


|,M 


U.iH 


1: '■,. 


i > 


0.87 


0,77 




l! X.- 


0.82 


2 S 


■ 1 73 


0.92 


?ft 


y '-1 


0.96 


;■ sd 


0.13 


C ^ 


: .i 



0.64 
0.65 

u r, 1 
0.62 

■:■ .'■■( 



O.OOS 0.01S 



0,033 Dp 



*K 



Iiku: valm 









«fr*V 



1 



I 



P4-24 



dX -r„A c 

1 . Mole Balance : — = — 

dz F^ 

2. RaieLaw: r^ = -k'C„p c (l-q>) 

wherc k\p c .and tr- are unknown constanEs. They wi!I be grouped intoone unknown 
consiani,^. 

fJ>VP*&-.*) 

_1__*L 






3. Stoichiomctry : 



c*= c * 



(l + eX)' 



= -y*J»-aXi+i-0--t 



4. Pressure Drop : ^ = - |«- (! + eX) 

when neglccting ihe turbulcrit contribution 10 pressure drcp.p, i5 given by 

^ L P,gcD>' J 

where a!! of iht brackcted variables are unknown constants. 

The mass flow raic isalsoand unknown consiant. Thus P 4 can be wnnen asa consiant, 
B, ovsr cross - seclional arta. 
B 



P4-24 (coat',) 



ClH 


FOLV 


1 


[W 


3 


LOO 


3 


loo 


4 


too 



where B ■ 



1 P.g c D*V J 



Whcrt B is a function of tbe mass f!ow rate, fetd propenies, and cata!yst proptrties— all 
of which are conslant for part (a). Note that all equatiofis up to now apply to a tubulai 
PBR and spherical PBR. To find B and k we must model the tubular PBR on 
POLYMATH by tntering the above cquations in additian to 

A c =-(20dmf =3t4dm- 
4 

B and k,, must be aibitrarily cbosen at First, Tlten, dtpending on ^hethcr POLYMATH 
gives higb or Iow values of y and X. on<= can converge on the trae valuts of fc, and B- ln 
order to do so effieient]y, however, ont musl make use of the following trends: (Note 
iha-i thc following table is compietelv ttue onlv when £ > 0.) 



*/'*&" 



OtKC llic Corrccl vn 
t&hcriul algorilhm 



SFrofŭPOLYMA 
•«43 
W).2l 
**,67 
r*_P_-,973*150Q= 



5$*tr)/d<xi--b.c_/ 

„ *(H)/dH|,- tl - Ac 

,' tW«isoD 
>'>*-«» sa 

',^*"tt 

,. k 'k*0.2i 
*«■« 

;>»«-n*c*-.i 

:,*o*o, _, _ 






P4-24 (confd) 



Cas* 


rOLVMATll y 


POLVMATB X 


Reroedy 


ElTccion >■ 


Effe^i on X 


l 


tooHlGH 


tooHIGH 


niicB 


Isrogn y 


to^ers X 


2 


loo HIGH 


[ooLOW 


raise kp 


towon y 


raises X 


3 


[oo LOW 


too HIOK 


io^cr t, 


ralses y 


Lowsrs X 


4 


tooLOW 


tooLOW 


lover B 


raises y 


taists X 



Oace ihccortcci valuts of B and k* aru found, oce can proc«d w\th the standard 
»pbofic*l aJgoriihnL 



K Fhsn POLVMATIL 

fc-0.21 
*».«7 

*0rP^. Q 73* 1 50fc 1 459. 5 







[l-cps-x» 




y-4fc 



EifLia l ton,a \_ 

&\Y) /<J(t) — bat»./ [po'yl • 

d[X>/d(i>— rm-Ac/Ffcŭ 

pg-1500 

H-26 

k-0,31 
fl-IKJ 

1^24 
Xc.J.14lS'[fc"I-[t-t.l> 

Cn»Coo*y* U-x) / <!«■&*'! 
ra«-k*Cft'*a 

bocc-B/M 



b) From POLYMATH: 
irtaximum flowratc= 1750molA 

ĵtpn .l i.on s ■ 

d (y> /d [i) =-beta/ (po*y ) ■ ( l**pE**> 

dU)/d(i>— r**Ae/Faa 

pe=1500 

Fa4=l"?50 
R=16 
Cao>0.« 
k«0.21 

L=i24 

*c=3 . 1416- (R* '2- [T-M - »2 

Ca=Cao*y tl-ir] /U»*p5's> 

ra=-k*Ca*'l 

bet4=B/Ac 

*0 " C ' *i . 4B 



... y 



P4-24 (coDi'd) 
c> Fro m POLTMATH 

Mŭiimum preisurenao \ 

&gu«tona ; 

■bttl/fjK,^,;, 




c) FromPOLYMATH 
Miiiiŭŭutn pressure=SO kFa 

d(y) /d[r) ..|»ta/ <po-y) ■ (J.., 
*(■)/(!< i|--r»-A«/F»o 



Co-o* 



U>4 

«4.14U J-|i-u..i, 

fflfeftiiai/Ae 




«9 ttuai t>OLYMATH: 

M/Al*)— r.'A C/Fao 

' »W«O.J 

.■■***njŭ. 



_K«- 



<d> 



jg*' <»..,. [a , tl .. 
►"ifMi-5tj/a* E p*., 




|-. Noioh «iQawiHbagiv e n 



V-V$f 



P4-26 (conf 



wncrc 



*-2fi w 

Trn nfcjaiton*! 

at n,*3 /-cm ! ■ -r «*ol 
«rfti/dtii-vOSM&tt-f*** 1 

f .*iiami(-5>.(!r>./»ell«<'*'^l~ ; ^^ 1 «^ v * m ' UaSV 
*-i«4IS44-n.*'l>44 

»*« ,I)MO.».i-pW'I .«■«.»*""■"' •M» 1 
(,»-(. 05nlO.»»i''S*1*t) 

Mttrt «1«« «0- 10. «'O 1 KQ - Cli "*' lS "'°' ^ ^ 

rrirj» 0,0 

Onil *lll«i »1 " M0OILC.' 
t.CD 



d<*olT/ail». 
dtrmlflKil»- 

#f*i/d(i)«.i 
#f»cJcd(l>r 
*nd)/d(ilir 
fSi10n(-S: 
Kt**ltH**«i 
»l)*( »03*10,3 
b--(.D3niD.g 
E*-*«,-yoL 
tb"nt]/yfjt 
IrilEtlL .■:...,.: 

*V o.o 

Dnil V4tu>t i, 




V-Vf 



d(na^eHil».aSil0.a:-ri TO | 

<--9.|Dm< -S) ■!n»^oL) Knij^pil ) ^ [rvLfT-oDH^/clIl ^L.SBi 

n».ll544-m*Vl544 

*b-f . D3.I Ŭ, 92K I -*fci! ;< . 05*1 0. Sĵ x ! 1 * 1 . * »f - 1 £ĵ) )) 

t)»-f r [13>l0.93iM54<Hl 

cŭ.fib^ol 

!5jl*i > rĵ ,IlJ " (: Ffl " °'* "" r ^ '^ ftJ ** ,5 "' D ' ■*■ ** ** °-° 
r\am\ vilur; f[ > o.IOTtTC 5 



l.CCŬ -_ 




Lf-^O 



P4-26 (conf d) 
(c) Usbg ihe same POLYMATH «luations, and changŭig valuo for V and v 

igc v a fom 0.050 dm 3 /s Erom 0.025 drrvVs; 
4-26 (c) vo = 0.025 



K*v - 




4-26 (c) vo ■ 0,02S 



xacq 




4-26 (c) vo * 0.025 




■tf.sl 



P4-26 (confd) 

Change V from 200 dm' lo 100 dra': 
ijt _ 4-26 (c) V=100 




4-26 (c) V^IOO 





-™ y.>» «..„ ,,_, -^. > 

t 


'■.* Kii 


m* 4.26 ( C ) v=100 


X;s 

""' cb 


« } ^-"^" 


1 ' 


..II/ 




*™ F __ — — — — 



</-S3- 



P4-26 (cocfd) 
(d) Evaporation of D ai a raie of 0.5 moVs chances ihe mole balance rbr spedcs D. 
= -0.ĵ^rV 



dN^ 

di 



Simulaiions show rhat N D is always negative. Thereforc. sct 

■dN„ „ 

— r~ = y, wherc Nm =0at t = 

cn 
Scc POLVMATH solijdon bdow. 



4-26 (d) 

Tne «quBiions! 

dCvon/dti^.ŬS 

d<nal/dU>=~r*vDl 

dtnbWdtn=.05*!Q.93-rKv Q l 

dtnci/dfii^nvol 

d<nd>/dti>=D.Q 

r*3*lD**<-5!Ktlria/voh*tnb/vQL}-Itnc/von><tnd/vQin/LQ91 

xa-ni4+-n»r/iS44 

xb=£.O5>ilQ,93KE-nb>/(,05x)0.33JE<i,H.i**-i0n) 

ca-na/val 

cb=nb/vo! 
Iniiial values; I c = C.O, volrf 200.00, naj= 15-H.O, nb;;= D.0, nqj= 0.0 
ndn= 0.0 
Tinal valus: i, = O.LOOkLO 5 




V-O 



I 



P4-26 (com'd) 















*.« 












VEf. 












i.?n 








i. 




i.« 












IGO 


0. 












a: 


aza 


£L*Ŭ 


fcj 



(e) 



Kti 



Using thc sa^e eg^a, (p poLVMATH and va^ing vo aad V. 
V - 100 dm 3 and v a - 0.025 dmVs 

4-26 (e) V=100 *nd to - ,025 




V= 100 dm 3 and v = 0.!Ŭ0 daiVs 
^ _ 4-2« (e) V=I00 and to = ,100 



Ku 



Y-sV 



P4-26 (confd) 

V = 300 dm* and v a = 0.025 dmVs 

^ - 4*26 (e) V=300 and vo = .025 



F4-27, 




V = 30O dm* and v Q E 0.100 dmVs 

..= - *-26 (e) V=3O0 and vo = .100 

■ — ta. r 

"" I 





4^S^~ 



Y¥P. 



A+B -> C+B 

-* A - * C A C B' l " °- 2 ***'•**•* =i' 

v - loo n 3 

T - i ft Ĵ /iLiri, C^ - 0.5 lVaol/f-J 



iJ n ao " C An v n _ ^lt.ol/ft 3 ) lQ0(ft S ) - 100 ib*jl 



AO v AO 



B _ V * 7 — ^7 — Hot« tiit B ii uiad «i 



It il ; r - . -■ ■ i .- ' 1 



l " * C A C « " * 



"ao '"'^o ^ 









t -l.(l-H- ( 0. al '' t . 5)1^30 SSUL {lntlO0+30{ĵn _ ln , l0( 



*/-S£ 



P4-27 (tonrd) 

1 - 0.*B* 

N e " N AO* " f2ŭ0JloBM31 10.S!°> » 13"?. B3 lonol C 



-In(l-I> * <0.2><D.5>[t - -^lnUOD + ĵ l> - 
In(l-I) - - O.lt + 1 lu(HJQ+St) - UftfJDO) 



P4-27 (co 
- f A V - 

t(C A 
N BO "^T 

».,iS 



5 


O.OSl 


10 


0,172 


15 


0.117 


i0 


0.4JJ 


21 


0.384 


30 


o.«s- 


ĴJ 


0.772 


4D 


0.635 


41 


0.B&3 


M 


0.917 


55 


0.943 


60 


0.M0 


10,000 


1 



* ■OnUfUd v. 



tt«i n > 




200 
3J0 

300 

.■ sso 

400 
430 
300 
350 
600 



*-*■ 



N BO " C BO ^O " (0 ' 5) l>*w2/£t 3 <l00)ft : 



s- 



^-r* 



P4-27 (coru-d) 

-r V - N ^ 



k(C A0 « " M M 1} 


K W 


tv ♦ „ } 


^O flt 


* #i4* - W 




V * vt 




(0,S)< tO.OlKJ) t 


- 5CX) 



f P.&Die-Kntt % pcCjjru Jfield» 



(toin) 


i 


lUin) 


X 


Ŭ 





£50 


O.B53 


JO 


0.0301 


700 


0.920 


30 


0.0597 


730 


0.SH7 


100 


0.121 






uo 


0.1*8 






200 


O.SSi 






IJQ 


0.320 






300 


0.387 






330 


0.4Ĵ4 






400 


0.370 






4SU 


0,587 






300 


0.65} 






JJO 


0.720 






£00 


0.787 







•" 



/ 



> j tA add.td> 



y.s# 



q_. :aa fe9& 




EB* 



. * <1-D .k.i 



F - lb T probji: 



5loUfcJ.o»*EI 



;rt r.ip»^ «o "-^ 



< 111-'. * 



F B2 " F AI* " 1-T<'i"*> 



y-^7 



• 



P4-29. 

T1Ŭ5 problem was solved using POLYMATH- The eauations used. for parts 
i, b, and c are given beIow. 






a[cal)/dUMl(UQa/L>a)Hao-can/tau)-ic*cal**2 

d(ca2)/d[tM(caL-ca2)/tau)-k*ca2**2 

d(ca3)/d(iM(ca2-ca3)/lau)-k*ca3**2 

tau-lB 

k*.8.B25 

cao-2 

U03-1B 

pa-ze 

H-{uoa*cao-uo*ca3)/(uoa*caa) 



cai e « b 
ta2 B - e 
ca3 8 = d 



*J From POL^MATH, the steadv state ccnversion of A is approximately 
| 039. 

D* 99% of the steady state eoncentration of A (the concentration of A 
leaving the 3rd reactor) is: 

... „ (0.99H0.&na)=ca6Q5) 

A concentratton of 0.605 mol/dm 5 of A ccrresponds to a time of 
approximately 64.0 miTLUtes- 

c ' ■ Below is a plot of the concentration uf A exiting each reactor as a 
functtDn of time. 



4-G>o 



P4-29 (conr'd) 



valve MlnlFji vilnt Final vbUin 



Q.£0*41i 



0.B2B37B 
0.101815 

0.658412 




.050 so.occ 



From P0LYMATH, wc found the convtrsion to be 0.30 
95% of rJie steadv staie concentratioD of A is 

(0.59) (0.70)= [.69 3) 
Thar corTcspoDds to 48 minules 
Below is a pEot ofcDncennTition of A exidng ihc three CSTRs as a funciion of lime. 



e) Varying any of the parameiers effects tht resulis mher dramaticallv, Increasing v 

to 50 caused the conversioD 10 go to .69 and decreaskig itto II dscreased the conversion to 
.12. Increasing V io 1000 drrr 1 incrtased ths conversion lo ,87 whik decreasing it lo 20 
dm caused Lhe conversion to decrtase 10 0.058. Increashg k io .1 caused the conveisioo 
to increase to 0.67 whUe decreaslng k to 0-001 caused the conversion to decrease to .054. 
A persoo Can see thai lt aod V have the most s:£::;1il ur. i cffccts on the cooversioo iŭ this 
case. 



*Hf 



P4-29 (confd) 



d [»I ) /d [ C > - { [ [ Vŭtt/voi *cso-«l ) /Eault -le-Ml- ■ 
dfCfc2)/dltt-< [Ml-ca3t/tau2)-)t-ca2--i 

d fcaJ I /d < t) .= [ f ea2-ca3 } / t4U2 ) -k'ce.3 * -2 



Initi.nl v^lue 



>f=0,0Z£ 
tauI-13,J 
t.T.i. ■■ LO 



i"«0-vo'«)]/ <v&a'c«ot 



Vori-bl* 


initu: 
s 


Voluo 


tf»¥JtH1» v 


fclttt 


Hinlmua va-luc 





1 


70 




70 


"1 







1.00031 




c 


1.00031 


C»2 







0.82789 







0.82789 


voa 


s 

10 




1.0 




3 
10 


0,701217 
10 


Vo 


U 




:•. 




15 


LS 


cao 






3 




2 


2 


toul 
ttu3 


0.025 
13.3 
10 




0.025 

U. 3 
lt> 

1 




0.035 

11. 3 

10 

0.17*088 


0.023 
13.3 

10 
O.4740B8 



1 
I 



■n 




V-^ 



F4-30 



r C,.X X 

v K^ 0.5 _„ 

X„ st —3-— tt n 0.J3 

* 1 + K- 1 + 0.5 



(b) Fo r a «n vtŭia onaf P F R; 

F 5-1 
-r A = k(C„ - C./K c ) = fcCj(i - X) - X/K e ) 
For the IMRCF; 



■£■--- ro-vjtcft 

-Ia-K^-C./Kc) 
C A = F^/V , G, = F B /V 

y_.v < F - + F -> 

Usc tbese- eouaŭon- in PGLYMATH lo gcŭenae plois ofthe convetsion profile. 




t-fr 



P4-30 (confd) 




M 

m 

1 



2t,ooo aaaoc 



® U« &e saa^ e^uadoas fof ^ ^^p fa P0L ^^ (o 



gtcicrale thi desirtd 




*-WM i2,ccc 



2*,==c 33. cc: 



*t*i4 



P4-30(cot)t r d) 

[Ŭ) By varvjne one paramefe: a; s nme ^c can s*c tfir effect c-f eactv 

fncreasiri tht spMiffc reaeiion raie causes ch^ S « i„ co^-eriion. concentraiion 

and m d I aj H o* rate 10 oc cur nwrc quie kly. '«ni™ion , 

Loverini ; ihe tnnspon cocfftci= n i fjg CBUSti w foa^ in ^ c Md F whi h 
causes a decreaie m cfjnverjiori. * ■" mcn 

lisiftj the equilibriuiri cotutarth , 
of A md m increa^e in eonversion. 

® A S!B nif 1CU1 ! mcrease in lemperatuic fc-r u «oihermjr rcaeriot, wculd dnve the 

rcacuon in Lhe nm» Tta ^oulu «ujc » dccrtuc in X ind C, ar7d Tincre^ ir> 

£ŜE» ^l^^ ? ^™!*™ f « *n ««hcnric rtoctioo wouid csuk 

£ri C^ĈĈSSJc, WflUWdriVC ^ ***'""* ™*» ***** ™ s -« X 

^f^- in ,em P= ntl i« *0"><le»uie «1 irrfrcue i„ the fcver* re actj n for an 
cndotbcnruc reacuon. Thjs ^outd nac C A , ind lc*er bcth X aod C, 

(D C/K thc foUo*ir,g POLVMATH projram to genentt the nee eii ary graphs: 



dtfbi/tffvu 



x-fe/(J"' 6Q j 

vfiVTj'fiJ-f #iJ 

cb»£h/vf 
ec=fc-/v£ 
R*-Veft-f..-v£ 



L+-GS 



— JU 

... Kti 



Ra, Rb w V 



d) F*, Fb, Fc, T » v 



— f= * ta _ 



Moie Baltncc : 
Sto)chjŭmctry : 



c^-c^i-^) . c, = c^x , C q -2C^X 



Kii 



f» Mtmbrane Reaci 



(b) ComrenUoml I 



Lf.&C 



CJiE^A ch 3 i - Ajcio^ — > ch_cio 4 » Ail 

Ŭ.7 poi/1 CE.I - C BŬ 
0.5 BD l/l AjClC^ - C A0 
V - eo dr» 3 

V2 
C AiCl' 

t - 0.000*2 (dm^/iKjD^Uiic)" 1 T-I9B t 
I - 0.9B 



A 

V - V (liii-i_ ph-le) 



J _ c^- 



C AO V |* 

_-5«f 

1 f dX 

_ c * /2 ^o {7/a - -)<i- -> 3/1 



W**i _ T, 3 / 2 



i fK I = G.93, lolTtd __x__i__l_y 
3/2 ^ 1 ** 118 ' 



0. 00042 to.sr 1 
- - I.SISjIO 5 jte = 4_,2 br 



f-^7 



CDFJ-B 



Molefcalaner: ^^F -F lt[l v 
Ji 

V^ = C^-C 4 v, -KC,V 

dC^ ^ C^v t C^v. + V) 
dj ' V V 

Uie POLYMATH lo ptot C„ vj. s 



ll **15<H)O00o 

lt»0.oo?b 



99* of ihii is 2W6 ms/diiv, whieh ii beio* ihe S i3jui«d of 3,0 mg/dm 

Mole Bal:mce ; ^i ~ Faj - F + r y 

dV 

Usc POLYMATH logenciate pl« of C, aM ^ Vi i. 



V-tf? 



CDP4-B (cont'd 

c«p»* . S 

vo-TDOOO 

Vout*5ŬDOD 

k-Q.Q025 




Lse utnE *quaiir>iu is ,n pan (4). 



bui thŭnEe C^ = 4.5 10 Gji - 4.5 1 l-Ŭeosf— 1) 



d{t»l /d£t)*it:«o'\re/v>HeaM>i-v-TOt/v) 
c*o*4.5-2'cqiIJ.1«1.Ss/B^*i) K£V 

vo»700iO — Cao 

v^lŝGOOOOO "' Cft 



~-w %^4/%4*> 




tj-tr 



(d) Use thc same equalions fo (a) escept two valuts changc: 

V = 15000000- IDOOOl 
v a = B00O0 

Thc reason thc grapb loofcs so different from (a) ti chat ptire wa<er is 
evaporatcd, bul water wiiji atjiiŭie is coming in. 






tnttLal u-jlu» 



■ vo->ooog 

; ; T»1500O000-lQ000"[i 
k-o.oois 



4-b tdj 
Vtrlable 



BOOOO 

1.56*07 

0.OD2S 



6ŬOC0 
1-S**07 



liinipua ^ 


.tIui- 


Final v*Jd( 


Q 




1000 


3,34*11 




3 5115 
4.5 


aoooo 




flDC-ŭO 


Se-06 




Se-0£ 


0.00*5 




0,0025 




//-*? 



CDF4-C 

iOFind ihc number of moles of rc-eptors: 
, cells s recemors , 1 molc reeeptars 

1x!0< i^*lxl0 5 — 

DlL 



= 1.66xlO-'°M 



cell 6-022 x 10 13 recepton; 



1 .66 x 10" 1 * — * .01 L = 1 .66 x 10 -11 «o'« 



Design eauaLion: 

RaieLaw; 
SLoichiomeLry: 



4 ** dt 

Q = _, a {l-X) 



Total number of moles: 

1.66xlO- ,: + lxlO- J| -1-002x10^ 
bcnne; 

1.66*10^ ' 0-0017 

f* ! AA1 _ 1 1\^> 



Combining and ŝotving: 



_ kCldt 



1002x10"" 
0.996 _ 5 

~ 0.0017 ~ 

dX 

{\-X\8 t -X)~ *_, 

i ___ _ *cL* 

F = 0.071min 



b) Assumc C fc - Cgt 




D-ŝign Bqiia_oo: 








R_jeLŭw: 






-r A = kC A C E 


Stoictaiome_y: 






ĉ A »c^a-xĵ 




c t = c M 



¥-57 



CDP4-C (cont"tn 

Cornbim? and solve: 



A vcry good approximaiion. 
c) Dcsign Equation: 



dX _ kC w C M d[ 

I - X N A0 

l=Ŭ.069 min 



Rate Laiv; 
Stoichiornctrv: 



Combinc and solve: 



-r A =k ; C A C f -k t C c 
C, =C AŬ (\-X) 

r =r 



f ___ = f £__* 



— — ln — = 500 

.l + .l .l-X(.l + ,l) 

X = Q5 



t/-'?-*- 



CDP4-P ttlch i 


A-B — 


J2C 




^A ' ktffi, « 4 


C C_ 2 






V ! - 1.?» flM^O 


«l/*i* 






^ - >,**1* J tIl J 


;ibp»j 


) J ;. lB 




* - i 1.1 - 0.«T 


f, J 






r o.ooi f-jt, 


■ i.9*!ia ĵ 




*° 5^ £ 






0,Ĵ07 


itfft 1 






»,i*- J 


tkaol/ft 9 


-' »,i» i> 


0.4JŬ 


Ibpel/tt 


J 


X - 0.4J t.l.i S6 


* 














v.v D 








(llqfa*d ? b*i.) 








v*> * 




rT 




L ■'■*.> 4 < 


J*an 


^*iC* - 


^C^fl, 1 ] 



AG o riVai [t^ii-mi-i/i) - tjC^ti-jjd-ivi] 1 ] 
, -^a- f a 

C A0 2 J<> H**I) Il-IK 1-1/2)11^ . tjC^d-I/l) 



2-ffBilC ' :;" 



u-o/.nsjui-im-i/am.M * (ĵ.2iii J ;t2 h s^iD -3 ) 

2 9JilCT Ĵ ^C (1 -0.i26I>tl.-IKW.:>:2J.*C-13.7Lil 



il~I/J) jlV/ll™ol«ii 






i/-*S 



J 



CPP4-E GSvft; _ST_ . 






-. — 

U lp _ 0. 001 


F^ 








V__ -> 




F.p_Ut 






>v 














*„. \t 






V C Bf { '" J 






T __ - lŭ_i 




7 - « ;il. ll<t_i- 






T - 100'C - Ĵ1j*_ - Ŭ7;"? 






P - 500 jii ( 






"*_ ■ * % «j 






Li,aid f.._ i 4 _ aiitoct o£ X .ad I, ,\ 


**e " * - *__> ' »«*■ 




:»tiat. _f tĴU lg. (Cltttli.licD cf 5 is 


_c f_e_, ,_c_ f __-__t__, i 


I, so. t_ 


•Peeific ;.-iv.[ T , 17, t_» = gfct-l._ ?ei_t 


, ___ t_. __l__ili_ r _f s_ 




eitcBtialljr __i_ _£ tDcvPuent ^-. Aiiva( 


... .« Bj i-.i-t--. rti -. 


__.!__ i» 


»°'i.ii:iiici,ii ly rejliced Ti_ ibionitioa _ 


f »3 ;t. _**_ t_* ti<_i_ _ 


•fr»H*l 


-i_--rc. Taen 11 JflQ r>_-t. 






c_ . *&-___, _ 


,__!______., 


.____________,, 


_ r i_iM_., . -«*©■___*__ 





a 2-' 1 l t - *M i_oie 

F A0 _:F Af t.^Tt.. T ..:ci , f^ 



M t! W 



■ 3 .71 llmlt/ii 



A.iaae i__. 



Ltnvlt 
-olaat e____{t lieos-nsjriai i-io-j-i 







4.17 x 10 Inaole^ii 



1*1 



i h 3.49 i 1D J ;il/tllmDlB - li.ii 

TTltfc imctor *i 300 piii, Sanij' i liw ii: £„ c !> 



■ C B (300 ptUi - Cg ESOfl i>*il> = < ĵoS*iIIt j " U0 * 



314.7 . UlgJj 

JH.7 1 |.l 



f^ - 0.0127 1%bo1b/ji1 



ion be I yf!ien prtisnje ■ 300 pjig 



Z,3Q0 ' ^2.300 



1-X, 85, ĵ grffei 



- 2,F w 

, ti-i,j 



i-1. 2 4*3.72 



&-7F 



£___£ a * :b -> z$ 

i) StolthiosjBtric tiblt - Bn 



la Clinie O^t 



l_L_L_i> 

3 **-, 



W c _ _i , 



£ AO (5/2--l) 



- . r <S'--m 

/1-0.21) ^O (__.__) 



3.: 



E > c - A g 

i fs ■ 



r_<_-0.___) " AO £1-0,3X3 



_t.P_.-Ui 



(.(.12...* *ii/«i t (i_+:73)I 



s - 0.037 mol/d* 3 



f A0j 



r 3/i <1-I) 1/2 H.--.T. 



3 



C AD * a J 



a.-_ d£* fi-i) 1/; (5/i-u) 






3/1 



_____ 

U-i) 1 '* Cĵ/i-uT 



//-?<: 



(l.JltD.DJTl''* El/ltUl s Il-l) 1 ' 1 (f'i-1 



[l-lr'* (J/I-Jl) 






V - JC.ll _' 

■1 U». c A , c,, c, ^* v .. j Sr 

T - mH - ild.lffll 1 L - fl.*J* L 

„1 , ._2_.iSi_l f '1-^iH' 1 ^ 



I, to cpIt M«* " "gutin t«r I . 



) C.TŬ it O.ID 



3.011 



:.i L>.i o.i n-* o.j a,4 fl.T 

,«*4 flitttl d.c-ii fl.oi* :,oii. a.aiT n.an 



C t (»l/d. | 0.0» 0.011 O.flll D 

CjjCnDl/d»') O.MI O.OJJ e 

T L_ J /«iO 50 *5 *l 

Ha*) o ?,*; io.ii 



C4i o.o*l *.oii q.o*t 

033 o.d*i o.aja o.o*o 
f #J 4* « 

u.si :t.2t 3«.2i 

vs *.s.js ii.fiT n.ti lhj.s* 



_ 



- -1 



/ 



/ 



/ 



* ■• O.iĵ 
\ * 3 C/ C | 



^-7-7 



. 






f) CSTH 



V ■ — — *- fco» I*>,7I> ea 0.85 



C AO % f*~S Kl-O.l*) 1 ' 3 «>i/=ii. 



*" ° 



2.ĵ cj£ a <i-i> l/l (5/i-2i) ™i/d» 3 /»u 

, fĵQKo.aĵ-o.7o)ti-e,iCŭ,tĵn 3/;t 



,1/2 



i/*„ 



2.5 (a.OĴTr^fl-O.SS^^M/l-lCO.M)) 
T - JS.Off da 3 

■> V»«J-M.t^ 



• 



* AQ (1-0. II) f • C B i 



k B "AO (l-O.H) P 



— »h.r« t - • (1-offl 1 - 



» 



3/1 (t-I)"*U.J-«) 

II-0.2I) 3 ' 2 



u-*«^* - f„ 






W "} C li" j2 «" •«*•*-**?■ ft 2 



K - 2 E/c. 



& - -^ . do da . 



" 7.555i: 



5,454 tll J ft 
1(1 £1 — 1^2 - 



t+-7* 



CDP4-F (contd) 



O.StM - 3*10 ca - l.MilO -J ft 

0,0673 T^ 
f t,ĥr 

(o.«^K4.i7iio s -^*^-Ki.6**iQ Ja rtMa.43) 3 

ft 3 lbf fcr 2 



<_JOM0.33M0.0673)7 






_ (.2)11.11 it.Jttl 



(3.4Ĵ4ilQ *ft , '> _Ŭ_.5j5)U_*.74 lb_/ft J H5it_) 



3/2 n-I) 1J '(I.;-'JHl^.37I)' 



>J n 



V - (103_.__HO.J5) - 11.2 d_ : 



___!_ r 



_ Urff * «i : : * ; **g : - 

tl-_> 1/2 .1.3-2_M_-2.37*> 3 



7.2 -t= J . 



t 0.103 ft 



,3 0.23+iUda 1 



5 Cjĵ)*tlOj = 0.109 ft 
) 3 - l. 




* . -iaĴaL/.ELL 

I I.4K1/.1: 
/•*•--.--_ H_ t 

* - 3.302 11. 
1 m ».*39 __.„' 

:;:*-!_i__t_v 



B> C A0 



_ _ . -E/RT _, t 



AO 0.0*2(373) 
-E/Etl/T, - 1/T. 3 



»-«3 (0.03- 



*^f 



CDP4-F (com'd) 

ij - 9.43 

**x - 9.43 iC* /2 t.l-I> 1/a (i/l-?Ti . , . II . 



(1-0.21) S/1 



9.43 C 



-r. - - 



%$ [«jjj* (1-I) in < 5/2-H5 -0.2IU-0.2I)" 1 ) 



IH.UI 
At -4a___.1iriun -r . o 

% - O.fiM 
W* I ■ 0.70 (0.«64) - 0.46S 

i _j« 
A0 J -*_ 



f-e_, 



■ j 



(1-_.2I) J/ ^ AI 



<?--i°Ja!__ E J____ f° ''" ,.-n ^i.»/» .g 



C **l X „ O.M(o.«<) . ,__4 



, c aŭ T n tM)(M.aa^ 



' *' 41 C A0 ^tl-U^^S/i^J-O.^tl-O.^) 1 ^) 
* * SP««»jJ/aW». .t.O ..Sg*rO ■ 4gj H lH. . Z 1 . _ 64 ) ) 3/ * 



V-^ 



CDP4-G 








(a) Plot I/-rA vs. X to ftnd Ŭe optimal system: 




CDP4-G (a) 










1,200 ■ 






1,000 
















- 0.600 ■ 




/ J 




0.400 




/ 




0.200 ' 




'./ 





0.0 0.1 0.2 0.3 0.4 O.S O.fi 0.7 0.8 0,9 1.0 

OOOŬ000OO0O 

X 

From ihe chart ii is apparcnt that io mirtiiriize voLume the bcst systcm would bc a 
CSTR foLLowed by a PFR. 

To find the volume of ihc CSTR, calculate the area of thc rectangle drawn in the 
chart and muJiiply it times the LniuaJ flow raic of A' 

V m (arca of rectansleĵfF^) = (O.8O)(O.7S)(10O) - 60 ft 1 

To find ihc volume of the PFR. cakuSare the area under the curve bcrwccn 
X=0,75 and 0.90. and ratilUply Ŭmti the imuai fiow rate of A: 






ki«io 

c«o-0 .23 

■ Cb*c»o " X 

*p-kl*cn".E 



e*o 



Using ihc trapeioidal rjLc : 



-CO-SSĴ + 0.800) = 0, [26 



V = (area under ihc curve)(F A J = (G126)(100) = \Z& ti 3 



De&ign Equatior! : 

Raic Law ; 
Stoichiomeriy : 



ciX _ 


— "■ or 

F Ao 

kC 1/2 
K i-A 


dv 
dX 


J A 


i+k 2 C A 


C A 


= C Ao^ 


X) 


e* 


= c Ao x 





Use these equation$ in POLYMATH to generale the piot of X, C A , and C„ vs. 1 



</-# 



'; 



d<v) iTd(-x] tiao^a 

fio-^c: 

M-16 
e«-0.2 5 
M-caa-jl-sO 

eb-eao-* 
■ r*-kl*e*", s/ (1+JtZ'ca) 
K f n o 59 



Initia.1 v 


ftluc Maxija\iiD 




Ki.nia.uin v 



ilut 


Fitial value 
0.99 


□ 


0.39 







es.ia 




s 




BĴ.38 


1Q 


10 




:: 




10 


100 


:co 




:.: 




: . : 


16 


ie 




t« 




ii 


o . as 


o t& 




0.25 




0.25 


0.25 


0.25 




0,0025 




0.0025 





0.2475 




: 




?-2475 


1 


1.24994 




0.433763 




:.4307S9 




tf-13- 



CPP4-H ^^^Vpcl-r^VpckCA 

Liquid Phui c* = C w fl - X ) = B** ( 1 ■ X) 



« 



30 
.97 
3J 



H< 



w, _ 








1 


\r l 


i 




;•-•. 




:=> 


■jf i! 






ft- 




-.-- 


/-. 






l : - .- .r 




/ 




i . - 




= L ' 




/* 










! * 










., t ;• 


/ 




• 


" 


;.. 


/*' 


- 




. -...:.. 




-~ 




Zfo 


-AJCjjLj 


:.-/>: 



rj ii Kneat *n &me V) ^c conckd<; shc rcacriori is fŭst ordcr ln 5, 6 



bcnzzzaquinoLinc wj[h k"^.3i»f n- 



W-L. 



= 62iS = K 



[353(383}} 

E=^ L2.4MJ3L 

tnot 

ai90"C = 363K 

H(36>)=[t SM I^T"sili *QTS) 
k (363) - 0.63 k (Ĵ73) 



^-25 



t/ k_ Pci fe 



0,0557 
Vr 



X « 1 - c-k 



£D__J 

2A + B " 



30 
0,42 



40 
0.97 



* C + D 



S-_iib__c_ 



^ w -D.03ta_wL__ ] v = 4„Ifr' mVtaiii. D 
Fccd stoppcd whcn V = 0.53 _a J 

0-33 + 4x10^ = 0.52 
r = 50min 

Fjrom t - to t = 50 min 

C, - ^f'-^) _ 0.005(1 -JU 
*. + <" ~ 0.33 + 4x1 0" 1 ; 

^-C^W-2^. 1.2*10-*- 0,01*, 
v + « 0.33 + 4*]0- f / ' 

_"__*_ 



Cc»C a 



_ _ 0.005X_ 
% + W 033 + 4x10^7 
__Y_ 



-iS____l__iV f ){i^^ ^ 

§ - _^Ii^£________H_X__oo_^^ 



^?*/ 



CDP4-I(con[ - d> 
Plugging that irno POLYMATH ^e gct Ebe foUowiag oHs 



Eguations: 

d(xb)/d(t)=6000M1.2e-4*t-.01-xbl*{.ODS* (l-xbl )~.5/ (.33+4 



Initial va.lug. 






Vo* . 33 

vo*4e-3 

Cb=0.0Q5^Ml-xb>M.33+4e-3*C) 

ea= [1.2e-4*t- . 01-xb) / ( .33+4c-3*tJ 

ec=.005*xb/(.33+4e-3"t) 

V=Vo+va*t 

t n - 0, 



2 
30 



xb 



■:.; ,-. 



-: 



0.11817128 4 ■ 9424906O-O5 

0.23732992 5 . 0489792e-05 

0. 35763303 5.2465916-05 

0.47727115 5.569ŭa25e-05 

0.59677332 6 .OBBOBlle-OS 

aflct I « 50 min, creai as a batcb nsrcior iwiih a volum* ofGi3 m" and Siining 



N'i* = C"* V = (5.7x10^ ttool/m 1 (D.53)m' = 3,02x10 kmol 
N'„ = C„ Vs (40.6* 10 a ) fcmol/m J (O.SBĵm 1 = 2.15x10" fcmol 
N' m = N^ = (53.6x10*) fcmŭl/m' (0.53}m J = ISSs l(T fcmol 



0-015L51S1S 
0.011916604 
O.0O9293S376 

0. 0071373441 
0. 0053339679 
0.0038040253 



0, 0015969092 
0.0023015B44 
0.003973767 
0.ŬO48701L3S 
0.00SĈ299Ĵ7 



Now A ts Ihe lioMtnsg reaaacf 



Q0-^) 






e^tV 



;+*?v^ 

- = c* 



H^ 




« ___>-<s_ , 



•^fĵ 






(ita-ff 



i *-r 

: _-qufltio_._ r_ 

ea_*6.0__-_ 
r_.cco-.00 5 6 

iCft-cao* (1-x_l) 
?fcb-ca lo * { fi 2i4a _ SC(l/2) 
cc-cco+cao*xa/2 



' EO, 



i~* 



■■ ee.e 




fi_l 



6_D9e-05 

l-89B9042e-05 

6.0_!03_4Se~06 

1.9l92S43e-06 

6-1345493^-07 

l.S60Ĵ251e-Ŭ? 

6-2eaie_ĵ e -oe 



I_-_ial v_i.ii .. 




'^g tbc sctnibalch Dpcralion, X 1 -X __**_,_.* _ _ 

K-aik___J,_^____^ 

*fc a__~ 



V-g<£ 



CDP4-I (confd) 

Duriflg the semobateb stage. 



K = 



v* 



whcrE N„ is the total amou-t of A intjoduced in the reactor by ihe lime t, and N A is 

tbe amount of A left in the reaetor ai that ŭrae. so 

r _ Q 0f vf-C,{V a + ^) 

During the batch slagt. 

r = C___v___C_V 

whcre t„ fc tbe Eime at which the ilow of fecd was stopped. (i.e. 50 minutcs) 




£/■& 



CDP^I £cont'd} 



( 







b) Fmm ihe tarjle X A ■ 0,97 at | = 9.71 min 

c) From ihc tabJc X B = 0.59 at t = 49.42 

d) New rcicljon rafc 

*-W-SH3 

*-**J ... » . P-.JJ1 

1 S.ĵxI0- 5 Lĵ43 298 JJ 

-33.3 

Scmibatch reactor 

the coactDttatioD equations are the isme as beforc, so. with 



4 (v 0+ wf i(vT«)( v ° + ")!="< 



y-# 



CDP4-1 (cemi T d) 



dX f 



dt "l[ #*$>**) 

-_ = JUJUl .033 + 4* 10' 1 * J 

Rccall that in the sidibalcb Ttactor stage X\ = X, 
Tbc tquauon for the ctraversion of A reJ-alns ifae same as ln part a. 

12*10^-Ci033 + 4MO- 3 r) 



x. 



1.2M0 J I 
at equilibrium. r, ■ 
c r"_^ 

K (V +v f ) ,J ^+vi 

fl .2*10-"^ 0-0 lĴf«) f 0-005 Y J X^_ Q 
.033 + 4*l--'f U" X »J 10 

Solving for X flh X„ and X ŭE wc ob_dn 



f# 



CJ_P_L1 Liquid phase rcacoon 



h4"i 



BATCH 
t, Mcft balanct cm fcuch rewo; 



' di ' 



U 



-**l ^ 



_, KHB liW 

-r* - fc CaC b 

3. Strrk±ileitnctr>' 

lkjuidpTiiK V - V„ (burri) 0f Dotv _ ■ uj 



_Na_ Na(1-X) 

V 



C„_(1-)Q 



c s A,^^L.c^ 



'4 ^[^4 

4_ f _J2L_ _ _____[____] 

c *>j, uoo 1 ic>«jLi.xj 



HV 



tciod-JO 1 



Table of reacriorv inmgrai- can be fo_nd Sa Appcndix A-IO, p. 725, 

3 



(O.OI W/mol mŭi) (2 moUJia 3 ) 

1. Molc baJancc on CSTR 
Y ______ 



hSM ■■-*»■ 



W 



CDP4-J(com'd) 

2. RaieLav 

•** - k C A C B 
3 - Stoichiomccv 

liquid phasc \>=v a 

A u ^— -Ca*C1-X) 

B ir ! — -^ — -c^(i-x) 

J . Combine 



5, Paiamcijtr cvaiuation 



_J0 rot/nrin (Q.g> 



b) 



(O.OI dn^AnolmiBjfi^t/dii^j^l.O.^J 1 
V- 21500 dnP 



1 . Mole baianec on PFR 

if ns preutiTt or phaje ehanjje (U qii id p hi«} dieitfore 

*■*■/» 

2. Raicia* 

-r A -kC A C_ 

3. SioichiDmeTry 

liquid phtsc u = _ e 

V=F__, f ^iV = £__X P ^_ 



v = |tt3£t£l 

kCi -S-XJ 



^-f> 



5. ftnmeiza: cvilmaon 



_ CID gg/gmj 



(.01 dnPĥsat tnialh tnal/dm 3 ) 1 ^ '* 

d) Solutionriaiil_rwpin(i) to (c. 

e) -U-fciC A C s -£d Afoq;uiiibmjm , -r A =0 



Kc- 



c^ - Hml x Zfflot _, 4 



i - 2x + & - — jl_ . &. 

KC^ 4 

x*.L2Sx*i-o 



.&£■ 



, ^n" 



X - (.98) X. = m 

CiOH.fi> 



• 15,000 dmJ 



..oj)a.[ai((i-.6. l -J.)] 



KcCaŭJ 



V*2S0 



■IV 



_dx_ 



■ 2.2ĴX + X 1 

V = 230 J [50) * 4ff . 1 5) * 2fJ, 3. + 4i(.4S) * fUJ) = 

250 O^S-ft + 4{ 1.41) + 2(2,41) + 4{5.26) +100J 

V = 250 ^0} * jfi| 1 5) + 2Ĉ..3. + 4^.45) + fl.fifl 
-as&a^t-j +4[t_41f+ 2(2.41) + 4(ĵ.26) +1001 



^-fJ 



r 



CPP4-K 



3 = F* £1 - *) = F M [l + R{\ - X p - X) 
v = v 0i (]+e 1 X)^[l + R(l + ^)p + £ S X) 

** >"V«l + eA )J 



£ ■ y Atl £ = I 



v "|jl + *(l + X fl )j(l + eĵ *)J 

l + *(l + J.) J« 1~X 



Wc aJso know ihai X, *° 

\ + R{\-Xi) 



/i_j____aA 



Two couaijons with two unkuovvns is solvabk and the answ« b X^ = ,495. 



-£ = -ŬC025 
dL 

dx -r A *A 

-r A - kC, 

c _F A F_ F„P[l + R»(l-*J](l-x) 
A V5 10P 

__j_R_ 

Pluggbg into POLYMATH gets ths folk>wing: 



H¥ 



CDF4»L ccmfd 

d[pl M<U=-.9QZ5 

i*'(xWdUt*-r*" , A/'EftO 

A=.02 

fw».l 

H=-!5 

CiD-.Ol 

S»5 

XO»<X*»'X) / [H'X*1] 

ep6H-il+H*(l-XD) | / a»B" < 1*WĴJ t 
cap^ao^/t*»* (1+R" U-xo) ) * (X-x> /10 



rt>FJ-M 






d|V>/d(Koi.f flo 

(•■100 

t(W-l 

va-l.m .1 
K-4 



^D --3, 



»3 



- F . = M l+ *( 1 - x '*W , - Jf --) 

^=^ = .5'-! = - .5 

*a 



$« 



i+^i-^) 



Plugging iruo POLYMATH: 



*/^r 






CffiiM 



*-■ 

tgu>cion 5 = 

*Hv)/<](xr>)«fao/-: 

k-100 

«40-1 

W-1J».J 

M 



;r; : :.i: v_i____.-: 



Xi-XO/ll+H* tl-XOll 

«pia-«p»o* ( 1+H* ( l-xol > / ( 1«S* U+epso* 
O-fftO* (].*[-* (l-XOj ) *U-Xl) 
(b«**o*(l*R+U-xoj )-fa4>*fl+R»(l-*o]) 

-O* U+R" < l«epGO*KO i ) - ( l**pft9**S ) 

»*■**/ v 

■ <*i(b/V 



n • o, 



i o.i 



^ 






rniM-N 



Develop nevt design equanon; 

F A I, -F A l r , v ^hrjo-Ar 



ir 



- ^ 70- 



-"- = 

dr 

J_,£L a .H*ttr 

dr 
Tben makc r. a funclion of K and solve. 



c. 



+ «30 



CPP4-JJ «nt-d 

fa) Now w 



Pluggii 



i-u* i tB*3.i4n-. 



i g_ /fC!.(l-X) 1 Jifcr 

kCJ c nhrd{r) 




H-1V 



r A = -kC A C t 
> = OoW)- ,J 

PluEping tius into PQLYMATH, 0« followkig graph is made; 



lM-10 



: »»ci-*)p*w] i .5 




c } Incjrasing, ttie vajut for k increAies sne cooveisi wi, «■■hi lc decreas m g 
it decreases Ibe conveision. Increastng F^ will decreis; ŬK conversion 
and decrtasitig it wLl[ increase ihe eonversioc lacreasuig C^ causes a dramatic 
increasc of eonversion. SimHarl)', decreasinE C^ resuUs in a large decirasc 
in conversion. Iitereasmg the hcifnt ■j-l.I o.ily slit-T-ĵ ir.crsase the 
conversion and a decrtise in heighi c£'jses mj*j a smaJj decrease in conversbn. 
Increasing ^ deereases ihe voluroe of tbe reador, the rrfore decreasing 
Conversion. Increasinf R, vvjjl mcreiss tht cor.verstoa as volunnc increases. 



tfn 



CDP4,<.) 




I - .1 (/*? 



,Ĵ t Ccll fDTBSd^I »ŭtl1 



C*ll tnlince 



Accrunulniop m In - thf t * i»ner»tiDi 
Ke flc,* 



acvĵp 


■ Vj 




Conmnt 


volnme , 




ŭt 


,1 




it 


*» + S 




Sab»tr.t 


e b,l 4 n C e. 




dt T 


■vs 




EJTDVt 


t 


C:.-:.t: 21.1 


TDltiB, 






f^ 




4£ - 


">*«« S « 





dt (I_ + S) T 



(4) 



b) Id order 10 o"o tbi* enetlj, Oae ^onld li^t to ioWe sqaitiiins (1> »^^ 
liDultmEDislĵ. TTiis ecnld b» donc nunerisillj'. HcfeTer, tb* gtnTth ia' 
ii estenciallT CO»t*Ol elcep: *ben the snbstr»te coacentrition beeamei ' 



4-fr 




,1181 $ 

.121» j 

-*« <es 

A» p flrit .pptmimi^,,, : -i ( . s . SJ ^,-1 ^ ( 

co ttn i>» dit*rtt B „i <„« Bi. «1 ifcttit* :t. mtntc 

1*4**4 ,tiU iith , BBOl l to jtaell^ t 






n.i:i=r 



Frc (1), 



J, . "... 



Fron tJJ , 



f *~*r^£. 






s - v- - *^**J i« 



At i = Ĉ.3( h: 



- T.J>3 j/1 



CDP4-0 (cont-d) 

rro« Ee;. (4) f.,1 d), 

lF/V>tS--S) 



U nlX S/(t s+ S)t> + m 
SnbitLtnti ibi r C l*lion for S 1*%* tJM &*?* «$»***'**« Mtec *°* e ^i****, 



To tind tb.. RtilLma a*Xl eonc.ntr.tic-™. iif f .*iati*f *n«l *•* *<l«l to i*ro: 

^..■^^.^TK^mS^-lTtS^HI-tT S^ ^TtV^^^H.,.^! 



& . 1>E "»M 



Aftir idbi *li*bri. 



Sot «qnil ta itct. Ti» pulj- nnXac-*n i* *. 

.496 t 2 - .8*04 t * .3444S 
U041S + -7Bt - «V 
- ,+9fi t 2 - .«30* < * .3+<4J 
Sŭlrint Hitb tfci e.a*dr»tiG eiiuttiDti: 

t - .9163, .757? 
Th^i 6ŭ rr EtF Wi flt f*N t.t» t» 51. S3 1/hr, 75.79 l/Jrt, Tii 91.(3 1/hr 
flo- r.u t« * «.ninH*** ».i*tl*l b E r*a* E tM.* U l^itct ,h* B th* =*"— 
*llow*ble flo* iitc (p*rt <). 

.'. At F - 75,79 1/hr, ffei «II soneintrition it **&**. 
TH* «liau e*ll e netatr«tioe. e*n be t»lenl*te<l n**m * - -T579, 

1 * w " T * w- ' ■" * ■ '* 

I - 9.324 jVl 

F - 75-79 1/lir 



if-.ĴD/ 



CDP4-0 (coHrd) 

Ac thi* jibŝlrau tcacfŭiiui d- , th* icisil [i8»cb r*te 1«; 



" 



.01 - 7,93 



* ,S290 b. -1 
*V» *Bpr.-im*lio_ Ehit || - |t • .83 br" *.( fcil C__bf1 

•) UiTiŭs Eqnitic»i (2) .__ U) fre-B J.*r. <b). 
i-H SI/(--+S)T) - ■ I 



ndc.- *ilid. 



__t _ H °" 
dl 



("«X 81 ' 1 » + S > * 

:tr iŭhc il[Dbnit j___.ip|&l* t ioa, 

,1 _ ^V - <-.„ * "*' S 



u rs 

r i_»_ 



J„ B K-* + lii . + *T)5 dS " u _T J, ' 

m iillt cf hhsmIsi 

f-14£— . L t. h ( , t hI) 
J 1 t .1 . v - 



Iat 


C_r_| 


o»* 


| 


s 


■ s o 


;; ''■' 


»m__ 


+ «T 


__E ■■ 







11 concentc-tico »111 EH«U -b... -11 --* i-b.tr*-c U .0011-»*- 



-___. . _ (.TMiOiM.»— i 



(.i> ( .01 ).(..__>.. . 



«"* (.1)1.5) " l.*. " t.lM IsVF lŭ l.lK-OlH.iJ * "(->-KĴ0) (.«)(..) 



I -= 23, $S _/l 
I *' S - 20 ./1 



F - 10 1/hr 



c^o 



a/V^ 






CDP4-0(cŭm<d) 

Fro* Eq. (4> p. rt d), 

(F/VUS rt -S) 



i » 



Snbfticute the telition for S into th« 
u Jsĉt-to .tiDt-c 1 



To find Ihe uii 






■ n.'. Itt f]UJl 



dT " u m1 .i t | ( i„ 1 -«tit-<V 

Sot tqnel to itto. Th* ooljr MktOWB i* f. After !»( il^ebr», 

(,04n + , 7B f - t 1 : 1 

i» ,49€ t 3 - .S30* i * .344« 

SalTinf Tith the qn»dr»tie te^nitina: 

t » .9163, .7579 
Thoia corre*pondtn| fle* ntti ire 31.63 1/hr, 75.79 1/hi. Tĥe 91 , <5Ĵ i/be 
floir rite ii £ Bctnin|lc39 JOlotioo bacinje thil ii jreiler tbm the m»*in*" 
a.llova.ble flon rate (part e). 

.-. At F - 75.79 1/hr. tfc* e*U eeneantrition ii mariam». 
Tia maiijnnai eell eoneent rat ion em be e*lenLiCed utiat ^ ■ .757?, 

^G^nai T " TtS * E S ] ^ 

F - 75.7? 1/hf. 



tf-/0$ 



CŭtL£ ******* ->^._ t 






* ZitfllfcOa 



<V B "^fĥ 1 ^' i-ii twi^ au /t, 



'" F "J. 



L»«. 1..«, C,.- f 



J * C A0 ! [1 -I]- «*(__] 



,(M) *&t**l 



v --=■!—_ SlD ^A-z^ _ ^° It/tr 
P A ^S „7.f» Ib/ft* 54,0 lb/ii 3 

% - +.ĴS ft 3 /i_ * .,„ f _*/_ f . ^__ _^;__ 



. _ 9.21 f: J _h. fp._) 



f-f&¥ 



CDP4-P (cont'd> 

AltnrriHiT ^chrj-t - sift feed n before 



^-E 









" t nV lC A 7 



. ■ *■«** - 0.S3S 



• j t c, *ti-i r & M 



! T^" 5 ^ 1 - 1 »' 1 -^ 



l-I, " 1-1. * % = l-.53« * C9.2D 

Z 1 «5 



■ 2.16 +■ J : I, = 1 ■ 



*yt^T 



f!>P4-Q 

a) From Lhe molc bajancc for HjSO,: 

F,-0 + = - 

i 

N B = I0i 
Conccntration: 

F n dC„ 
V " di 
V=V +v e i 

F B dt 



= dC, 



Intcgniting: 



c -H^ 



For specics A mdc balancc: 

0-0 + r A V = - 






-kN A 
For Concentration: 

o-o + r ,v = ^ 

* dt 

r *' a di 
-r A = kC A C B 



dN A 
dt 






tf-/a 



b) Fn>m POLYM^TH. t2ie fjuurc* ctnT,cttrai ihŭ w*y 



Eq*Ji tlon» ■ 




Vl . ,,; 








i ^!,,, 


MutinM * 


«^j nfH i **. 


■ T <-■"■'- -"■'■■ 


olt»l /d|t)«r* 




( 










li 


* 


ID 


knO-DS 




'.» 






w 




:* 


I.4I«TJ 


i.tnn 


«b-XO 




* 






c '.; 




g :* 


* " 


o.ss 


Vd.LDŬ 




" 










IL 


L 




V-V&*vo*t 




v 






lit 




1H 


100 


119 


cb-CbVVD-lfiHVo 


-vo*tMVo 


ct. 










: 11:11 


a 


i-i3:i. 


r«—fc*c**eb 




r» 






-0 




-J 


-giUlm. 


-a.i-iis» 


c ' «. <- . 


M 


















c) 


$pttl» 


A; 








*r A V 











" K<c, ~iĉ; 



o-0 + r c = 
r^ =ScC A Ci 






PJuggicjj in(u POLVMATH ji«« tbc feiUM-IrJt jnph; 
CtO Ca, Ce « t 



d(cc>M(c>-re 



cfa= £Si/ vn- 1 n, ( J. - vc 



f-/-^ 



l!:*n of A Wft Chv« S q vety hj-h forth* i-cvertibte 
^ : r-'t~, L.e r-mor i[ :! 7»ccj =gr _■„ iirt-ecsiblc 



£2 ^T* " "^" 2 l L_ Blc,a LV ™ M ' i[ "=***■ 'fefc ui-i 



Specics BlH^OJ: 






SpeckaA: 



lO-O+r.V-^Ii 
dl 



-£[lft(lO - kN J_ l*(iO - kN__)] - 1 
l/ t0 -* l -1- te 

l_-kN,_ _ .„ 
!0-tN__~ r 

* t 

After 30 min tfce CDBceotrifiOD u 0,44 a»! /dm' 

*" ' iv__ _ (t) Ca, Cc vs t 

IU* 

— Ca * 

— * Cc 



y-/q? 
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Chapter 5 

General: In Chapters 3 and 4, the students were given the rate law. The problems ii 

this chapter reinforce how lo obtain the rate law from experimental data. 



An open-ended problem that requires students to create and 
problem and solution. 



riginJ 



P5-2- "What if. . ." problem. 

Problems F5-3, F5-5, F5-7 r and F5-18 alJ involve batch reactor esperimerits lo finJ 
the reactor order and specific reaction rate, Tne students can use differenl 
techrncjues fcĉ differential the data or can use regression. These problems ctf 
be altemated from year to year. 

F5-4. This problem usually trips up some srudents because many go blindlv ahedl 
and differentiatc the data ((J~C A /dt) not realizing the data were taken inĵ| 
CSTR at sleady stale. 

P5-6. Differenliate the data down a PFR to hnd the rate law parameters. Notc tl*| 
reaction \S reversibie. Quite trickv and time consuming. 

P5-8. Cabfornia Exam ProbSem where one Hr&t needs to determine in the Mic l«J| 

parameiers from a baich e*periment. Part (a) is quite stmight fonvard W| 

part <b> usually trips the students. Good problem- Requires thinking and nff| 
just choosing a formula. 

P5-9. Straight fervmd problem involving the method of half lives. 

P5-10. Good problem involving regression AMD thinking. May be l 

consuming if the students don't get the hrnt and see it is the sum of rwo ■ 
laws, zgto and first order. 

P5-11. Very short problem once the srudents realize the % decomposition |S8 

same for differen* entering concentrations. No calculahon is necessai? 
determine the reacrion order. 

P5-12, Fairly straight fonvard problem to determine the reaction order and sp* 
reathon rate. Shows che applicsnon of CRE principles to the electrOB 
industrv. 

Problems P5-13 r P5-14, P5-1S, P5-19, F5-2D, and F5-21 are straight forward prob^ 
using nonlinear regression. They can be alternated from year to year. 

P5-16. Shovvs an important concept where lumping of reactants b used to tnj 

first and second order reachons. 



P-3-: 
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F5-17. A problem on, designing experiments. 

F5-1S. Can be used altemativelv witti P5-3, PS-S, and P5-8. 

CDF5-A Alternative Lo problems P5-3, P5-5, and P5-7. Read data. 

CDP5-B Al tem a ti v e to P5 - 6, bu t simple r . 

CDP5-C Fairlv diffieult problem, Usuafiv assigned at the graduate levd, 

CDF5-D Atternative to F5-9. 

CDP5-E More difficuit to allemative P5-7. 







5urrvm.ary 


















Sofution 




Am-i:;:i"(! 


Altemates 


DiMcultv 


Tirne 


Given 


PM 








60 


No 


P5-2 








15 


No 


P5-3 


AA 


5,7,8,18,A, %CM 


SF 


30 


Yes 


• P5-4 






SF 


21.' 


Yes 


• F5-5 


A A 


3,7,H,1S.A,B,C 


SF 


20 


No 


P5-6 


G 




SF 


60 


Vea 


P5-7 


AA 


3,5,8,1S,A,B,C,E 




40 


Yes 


• P5-8 




Ĵ^ISA.B^C-E 




40 


Yes 


"TP5-9 


1 


D 




25 


Yes 


^'.PS-lO 


AA 


13,14,15,19,20,21 




r,: 


Yes 


P5-H 









15 


Yes 


-P5-12 


J 






60 


Yes 


* PS-13 


AA 


10,14,18,19,203 




30 


Yes 


P5 14 


AA 


10,13,18,19,20,21 




45 


Yes 


"P5-15 


G 






40 


Yes 


■5*6 


G 






60 


Yes 


..;-p5-i7 


G 






(a)40 


Yes 


tt£$-\$ 


AA 


3S,7,S,A,B,C,E 




60 


Yes 


• P5-19 


AA 


10,13,14,15,20,21 




45 


Yes 


■ P5-2D 


AA 


10,13,14,15,19,21 




45 


Yes 


PS-21 


AA 


10,13,14,15,19,20 




30 


Yes 


CDP>A 




5,7,8, lf3,B,C,E 




3C 


Yes 


CDP5-B 




5,7,8,18A,C,E 




45 


Yes 


CDP>c 




5,7,S,16A,B,E 




60 


Yes 


CDP5^D 




5-9 




20 


Yes 


CDP5-E 




5,7,S,1S,A,B,C 




t: 


Yes 



p-5-2 
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Assi gned 

• = Always assigned, AA = Always assign one from the group of alternates, 
O = Often, 1 = InfTequently, S = Sddom, G = Graduate level 

Altemates _ 

In problems that have a dot ŭi conjunction with AA means that one of the I 
problems, either the problem with a dot or aru/ one of the alternates art I 
always assigned. 

lime , , 

Approximate time in minutes it would take a B/B* student to soive tht I 

prtibltm 

Difficultv 

SF ■ Straighl fomard reinforccment of prindples (plug and chug) 

FSF = Fairly straight forward (requires some manipulation of equations or rt| 

intermediale calculation). 
IC = lntermediale caiculation required 
M = More difficult 
OE = Some parts open-ended. 



'Note the letter problems are found on the CD-ROM, For example A m CDPl-A. 

Summarv Table Ch-5 





Reasoning 


Graphicat 
Mumencal 

Potynomial AnalysU 


Method of 
Half Lines 


Recns 


Straight Forward 


4,11 


3,5,6,7,8,12,1 S 


9 


5 


Fairly Straighl Fonvard 




A 


D 


$5i&i 


More Difĥcult 


16 


CE 




it§m 


Critkal Thinking 


17 


7(c,d),8(e) 




13( 



p.5-3 



Chapter 5 



| ft-1 Nosolution will be giv«i. 
HJ No solution will bc given. 
P5-3 



Timt 


(tnin) 


C A fmol/dm J ) 


-AC*Mt 


-<JC A /dt 







4 




0.37 


0.39 


3 




2.y.r, 




0.32 


0.35 


5 




&23 




0.267 


0.30 


8 




1.45 




0.225 


033 


10 




: 




0J75 


0,21 


12 




0.65 




0.133 


0.15 


15 




?> 




0.072 


OJ 


17.5 




i):./ 






0.« 


Plot oflog -dC A /dt x 


s log C A 


stiows ct = 0.5 








dc 
























k ~ ** 


.15 


-0.19-tS^- 







Ei^ 



c«-c* 



= kCl 



Plotung icif ■ J0 ~ J j vs. lnC, 



Eiii coaCA 

Pnotriun S-4 



FiS 



&i[Ca} ln{(C*3-C?Vl} 
1.5 0.«S^S5 -a.iŭtlSTĴS 
t.as 0.2231** -3&2S2SSZ3 

i o -i,6osiVaig 



0-5 -0.6331S -6.eS4Et173 




d = 5lcr« B 3 
lnlcwi£ttn:ep[ = *4.l5 
x - 0-0! 



From i MP - \intii &l* «** jjst 
fc = 0.0 ĴJ 
n - 1.5-i 



fOLY\tATH 



pflcs a.a tno" £v* 




o.s--c e&sta 



uĉea i.*aa l.ŝoc »^»9 



n ■ 1,33335 

+ noSL;:vt r r*s,d~"l! 



I Tŭrt f. R C v 






fcj POUfMATH 




:.5 

2.5 
4.0 

6.5 
9.0 



.d£ 






119 


45.3 




1,5 


70 


28.63 




2.5 


50 


[9.4 




4.0 


30 


9.5 




6.5 


11 


1.3 




9.0 


16 


(1.73 




AiH, - 3.0 


Z 


P 


4Z 







129 


90 




l«J 


45 


34.0 




2.5 


22 


15.4 




4.0 


10 


10 


AsHj - 3.0 


Z 


p 





129 
95 
35 
Bfl 

42 
40 



17.4 
15.0 
13.3 
10.S 

6.2 
1.3 



A + B ^JC 



t 



G 



-h— h- 



D 



<*** f. Re«rite che desiga cquanon 0-=-, moTe balancc) Ea tennsof die masurenKnr 
virubles. RccallV - AcZ,then 



dZ 
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For isothermal operaiion and no pnessure drep. 



r- _ r rt l___-L Ca 



- P^T 



< f\o 



11 -X) 

U*eX} 



n + exip a - i?*o<i-xj 



l-_VF*a 



H-eXPa/P a ŭ 



(1[1-Pa/Pao] 

fr"ft) 

dZ 


_ il__s 

Faŭ 



Now wc bave thc diffcrcnnal molc balance 
in terms of thc measurcd variablcs P A and 



^knpi-S 



Task2. Look f or si mplific a t i on s . 

A) S;e if vobme change a 



-^S-fi^H) 



be neglected, 

10 J 



Thcn; 



E = thercfore ncglect volume chanfje. 

dF A _ p2£L p ? _lL| 

' rfZ Fao l A B Kpl 



Bl W C s« thĵt for rjns 1 and 3 vvhere P AiH] * 1-5 and 3-0 torr. respecriv_]y, that 
most of the Et-.Tn i- consumed. indicating the eq_ilibrium is reasonablv far to 
Tbe rish:. Corisequently, the reveree re.ction is negLigible in the first part of the 
reaciur. i.e., 

Cl W c also scc that forruns 1 and 3 thai B is ioe»C*l5 and that forescessB 
-r, - k P5 P A = fP- 



Alforithm 



r-7 



E£ri coaPd 



^■a c-ui,, ; (-^j JrtdplŭfvsZtonj]d (^ 



Plotf- ^ } « fPA j on fD£ . [og ^ [o nnd ^ 

*#+ SteKfcHTldMI «* ir p„ K3 , 3.0 «r Md P^ : - L3 «tt 
/■dP.* I 

iJEamf 

IPmJ 



** l l-5' . Kcnce P-. 97- 1,0 
Thedbie - r A - k[p A p a , JjJ 

■f A -0*S( fp^ p b , , EcJ 

FftSiB A.Hj of 3.0 (0r r w= « c ^itibrium h ^hed „ P ^ aQ[ 
P& -0.129-0.01 »41? 
Pa*»3Ŭ-.ll9«2.5Sl 

From inirial rzie 

K -0.2ĵ ffcrrciriT 1 - 



E&2 8r#i*, 0ltt : at tic 



Ĵ*0 



::: 



• ca, - p«, - co 



icoapontioa of iio.£cart*cl«r i 

■ I04*C - 7T7T 

-' U*3 ijji 

1,1 «« TS» m 

« i — » H * B - c 



5-~« 



,* W-3-l -2.-.*- ^ V^ffjjMŬ^ «■*** 



arr^nj5 m K 
P = P {l + EX)t atlao-,^»^^ 



tP " 2t3I2J " 61* 



- L.O .*, ii 



ticcLoa Li I _■_■**■ «ib_*_ 



^AO dX 



5M 4 I At.ur.. 



j [1-1] t¥ - caa<i-> T_.._.: C AQ g - * C A0 U-U 



dl m 1 _ d£ 
d_ " iP^ dt 



L-tlP -P " L 



__d_. 4f lŭ 



1%+tl* -P 3P - 



2P 



* lŭ * * Ut of 3P -P " ?lfi-P 
Li ____«*_■_ nictiti Lt I»t ord*r; lt it *Tid*n. (*o__ th- jslot th»t 

ff - Q.ŬO0*R 



looo jom *oo 

Time ts«.l 



?-f 
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I '■ 



:(-ia) 1° 10 30 40 30 60 

c A fpp»i 2,45 1,7* 1.23 0.S8 0.61 0,4* 



ln { ~ ~d7* - lni + olnC A 

ttii») 10 20 30 40 30 60 

it<oia> 10 10 10 10 10 

Vp*»> **« UT4 1.23 O.BB 0i« ŭ.44 

iC A (p PB1 ) -0,71 -0.31 -0.33 -0.2S -0.13 



^ c i 



-0,071 -0.031 -0.033 -0.026 -0.0; 



rt 



?-/» 



ESzfi 




r plgttinfc asid differentiating by cquil aiea 



^C A /dt 


0.082 


0.06 J 


0.042 


0.030 


0.0215 


0.014 


Jn(-dC A AiO 


-2.501 


-2.797 


-3 170 


-3.507 


-3.840 


-4.269 


ln C A j 


0.895 


0.554 


O.207 


■0,128 


-0.478 


-0.821 



Using linear rcgression: a = 1.0 

In k = -3.3864 -> k = 0,0344 min' 1 



-P 



C3 



■ -0.03*« ^^ « -Ŭ.0J4* -^ 1 
att 1 c 

B»f . Wmifl 



F| = (ZSDOT jal) (D.ŭi^ J^) i 



,3.7851^ i 



hr 1000 mj * i|Ĵ..6 ' til ~ 




?-// 



fS-9 

{■) MethodctfHaifLives 
lincar Regression: 



Kuti 


c A . 


1* 


lo C A , 


^^ 


1 


Ĝ,to 


<u 


-1&9~ 


L4H 


2 


0,0133 


7.7 


-4,320 


2.041 


3 


ŭ.ŭl 


M 


^t.oOS 


2,282 


4 


&ij 


t,$<5 


-IMi 


Ŭ.6J3 


5 


0.674 


U 


' -1.5^ 


~ 6.2o2 : 


6 


0025 


2 







Plot In Cao vs. In U/2 



P5-3 (a) Linaar Regression 



-1.Q128x - 2.3B29 
R a - D.9993 



-4 ln C ia 



ftotnline; 



cr = I~stope = 2.1029 = 2 

k^i -i _ = io.: 

£1-1 



9-19- 
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Using POLYMATH m cars coma up wiŭ tbe foilowing 
5-Sa 




1.BOO 6.100 



i c aa -ia : 



k - 0. 93101 

? pŭtLuv» r»Eidu4l«, 3 n*g*t>v* >-ptiĴuill, Su* ol fgucvf - 0.D7D531 



(b) 






Using the c^ualioo : k 

Solveforkat 110 - C. 

lt @ 1 1Ŭ*C U 20 

lc @ 100'C is 10J2 

From thtsc values of k wc caa «dculaie ibe activation energy (E). 



JE) — = -5S76 J/mol 



frt 



5'/3 



0,-f wall-* lassofOj 
Oj + alkene -> producls 



k. 



_>■ - E5. = t j.1- _r _ 

^ a ] J c^ 

Usiog POLYMATH T s non-iinear regression wt ean find tbe values for k, and k,. 



f ," ■■■■ 


ozia. 


Coz 


Cbu 


.■: 


l<5e-07 


0.01 


le-12 


(;.•- 


3.2e-07 


0.02 


le-11 


T- 


_.5e-07 


0.015 


le-10 




Se-07 


0.005 


le-09 




S.Be-07 


0.001 


le-OS 




4.7e-07 


o.oia 


le-09 












- B.BGO - 




S-tG 


^JNiO? 






ry : 


7* 200 - 







S.fiOO 

*;,d__ 4. 

2.130 

o.eoo J— . 



DCalculsiea 



». o_r-a«iel*k2wCD_^Coa 
'0-0523758 



>"p_i__als. 



ilŜ. Sum _f S qusres = 7.__„3_e-14 
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F5-11 GiTea: Flot 0. ?»*_--_ D__OJ_p.-it ion pf N0_ Tii V/F A( 
* DocuopoBitiou o_ W0 2 



7 _ jfc_ _ __ 

F AO " _r A " k C» 




r-soarc 

i / 

/ 5^ o TuOoefl*NO,i*ifi 



10-* _V / m* ■_" \ 



■ Lttt n - I - k {- — *) 
*A0 

I ij linetr with v/F A n> * s fi_"fl ta __.* ri(ht ___«_ 



pg.12 *i0 2 + 6H? — > B,SLF fi + ZH,0 

S_ - ,...jct of S_Q, 



_ p _ 

°2 * ^" 



j. - croit ___ti___l *rc* 
p - nLi. .n dioiL.. d___itj 
m ■ aoI.cnUf - = i_nt of SiŬl - 60,0 
. > deptb OT SJ 

N f - _.U_ __ HF • _ _ ,^_ 
W - v.Lfht p.tc-_ti(. Hi : ic soluti.n 
r - ii*a_i_? of j_>l_ti_n 
V ■ voluac of _oL__iO_ 
?(V T , - c I___li_ «eifht of HF -0-0 






-«. - *c: 



s-/^ 



-13 


j: 

£ -18 


-17 



it ioov Mir F 

— r-P^ wherca = - — 

■ d& 

l- -j"~) ■ li J * « ln 






™J -16,6^9 -U.4Z3 -14.31« -13.816 -13.479 

2.073 2.996 3.497 3.SS9 3.ST1 

® ia *sfe* 

^•irijjiDtt beikeea Ln i- —) vs. U*, *o b»v«; 
| t * 1.775 : i^trficpi = 1= & - -Z0.462 

or p = I ,29B6il<)~ ? 













j|,4. 
|-, 5 . 
*-16- 


! Z5 
y = 1,7746* 


3 
20.461 ^^ 


3.5 ^^* 


■ 
















In w 
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P5.l2 cont'd 



p - 2.31 -* - 2-32 * «** -J 

V ■ 0.5 d» 3 - i 
P - l.iSSŬtlO" 



l.jgadiio ' 






(0.2 w J J(1.3itQ fi -j-KlOOJ 1 



— r O.SxlO _J a J 



» - 3.124Z ic" 7 «^°-" S - = _1 

Voluaie of S1O2 remov&d = 2(50*10^10* 10^.(1 OK 1000) = 1* 10 V 

Moles of SiOz removed = l*10 J {2.32*10Vo0 = 0,386 md 
Moles of HF used = 6(0,386) =2.316 moles 
Moles of HF available = 0.5* l0' J /5* 1 * 1 e /2O=5 moles 
f lftl L LETTL = *~-^ i6 tO.:l = 0.101 -cit^ fjnfeii*» - 10.7% 
■ Uiuil IETF1 ■ o.: Ui""' c -°* 
Holc oiUhec fnf HF: — * * ~7T 



5--I7 



[ IfclJcontM 

■ L -TtT? - * «sfcc J/ 



tt.TTSI * O.TTJ* 



1 I 10 * 7 - |IK»Wttrtdgg|^^i 

I,- 20x100 



|P** ni) *UO.T) * 7 * 



■] - 2.3*9xIO~* t 



E5d2 






Using POLYMATR's DOn-linear regressioa, the fbUowing results werc found: 



3.DDO -p- 
ra 
2.40O 

I.BOO - 

1.200 

o.eao 

0.000 



a °H<*grpssion 
d*ta 
D~alculated 
value 



_ ' «-80-11 be( = □.2D109? 

U" ■ 1-03^91 

OELUy P residuaU, 2 np-,acive residuals. Sum of squ;>r-t?5 = 0.02^623 
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P A0 


p *a 


fl 9 


*> 


I 


r A 




"A 


oUfhs 


irss 


jLtm 














1.7 


O.Ĵ 


0.5 


1 


0.05 


0.05 


0.+75 


0.475 


1.0625 


1.2 


0.5 


0.5 


1 


0.0T 


0.07 


0.465 


0.4« 


1.O500 


0,6 


0.3 


0.5 


1 


0.1« 


0.16 


0.420 


0.420 


l.JOO 


0.3 


0.4 


0.6 


1.5 


ft.l* 


o.i 


0.310 


D.52Ŭ 


O.60O 


a.7f 


0.6 


Q.« 


1 


0,10 


0.10 


0,540 


0.540 


0.9375 


2.-U 


0.6 


0.4 


0.«T 


O.Ofi 


0.05 


0.570 


0.370 


1.0625 



JV=*TO 



p, = 


,c A &r= 


C M RT(l-X)=P M (l-X) 




ŭ* 


-C B RT- 


C^RTfa-K^Pje,- 


-*) 


X- 


2F M 


y, y,(i-0») 

5^ ^ 




~ r A 


1 , 






~ r A 


-fcp^p; 






ln(- 


r;)=lnA 


-alnP A -p\aP t 




y = 


A.-A* 


,-^X s 





s* 



?-n 



F5>14 cogrd 

J 7, - ^ a * K % } ^ * ^ .] i 2i 

i-1 i-1 i-l 

a b n n 

i-1 i-1 

n u 

A l 2 X li *2i + A 2 5 *2i 2 



1 *2i *i " \ I ^i ^ *, } « M * 2i 
ftĵiai li* iiti f«i tba falloiriŭi F aje 

6 \ - 4.SS5 A x - 4.642 A ; - 0.4403 

-MM A o * 3.SS37 Jtj * 3,5733 fL - -0,026 



i-1 

A - 0.037 
i^ - -0.072 
i : - 0.O93Ĵ 
A^ =. -0,1574 



4.655 A p + 3.Ĵ733 A^ ^ 3.68J8 A^ - -0.5S<S 

i* S II 1 - 0.47S* 1 " t- oU/ ir- 



A D " "svftaa - ib t 

A^ - 0.?6 3 9 - n _ 1,0 



0.*»J 0,4TJ 0,0*0* 

o.**J o.tn 0.04H 



O.tjTl 

1.04JJ 



't *ll 

..0*0* -O.T+44 
-0.T4JT 

o.*:o o.m o.uu . . MT , 

O.JJO C> - Jc . -fl.JIOI -1.1J> 

o.J*o O.J40 -0.0**j -0.*1*J 

O.TlJ! -O.J*lj 

0,**0J -i.ttJ 



».318 O.JTO 





^i 


W' 


hih 


i. r, 


«nf/ 


l. % u 


0,JJ*1 


-0 . T+*« 


0.JSC3 


0,J!4l 


D-31SJ 


~o,t*jt 


O.Jltj 


0.51(1 


0,1 JJJ 


-o,i*ts 


O.TJU 


O.TJIJ 


l.in 


HJ.lJJ» 


0.411* 


O.T«l 


0.JTI1 


-O.tltJ 


O.JTST 


O.JT4T 


a.iiio 


-0.»S41 


O.JJIJ 


B.JJll 


j.ijjt 


-4.*« 


J.ftll 


J.JTJJ 



^T-U) 



(~E/RT) -« 

fo — --"- I«F U-E/HX1/T. - 1/T 3 )H (C Ai /C A3 ) _ 
r Al 

La <'r Ai /-- w 5 ■ ~ E/H < 1/T i - l/T 3* * * lB ^Ai^JU 1 



(1/RT, - 1/HT. 
Rud. mi»--- 

(1/KT. - _/-T_ 

l_(-_../-C.,> 

__ ___- *3 — 

(l/RT. - 1/KT, 



tl/RT. - 1/KT-J 



-2732.94 -1035.27 



-739.ĴO -90:1, _S -514.47 



Linesr re_re**i_i_ yieldi 

E - 1G90 itn 1/nol 
o. - 1,49 

lnnE aii_ __.. point, »c obisir 

_ ^ 1.1« I ia 1Q lnol/1)"' 
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A — k " > prod -r A "t A C A 

B — ^-* prod - f B = k B C B 

- ri = k A C A + k B C B 

-^ = k A C to (l-X A ) + kiCjl--C-) 

c._q = c A <t>* c B (t) = c^fi - x A ) + cji - x B ) 

C l C-)-=Cjl-X A +0_~X^C J _(l.75-X„-X_) 

__©. o c^t^ - k A x A + k t e B - k B x B ) 

dt 

--^- = C^ - k A X A + 0.75k B e B - k B X B ) 
dt 



^ 






r IT - t n c_ - * n c nn tl-X n )' 



r II ^D'0 *D L D0 



C. T (t> - C-tt) - c nn (1-1. 1 



; 



19, 

i(m.) 

ciu Ual/. J 



ID 10 JO 41} , D (fl 

1.01+ O.ttll O.OOIT O.OOt* O.OOT* O.OMO O.DHJH 

o g.ju o.jji 0.700 o.iu i.oo i.uj 

0,1TJ O.JOT Q.*M 0.*Tl g.JTl 0,**J 

-l.SiIflT* -l.lrio"* -l.J.lo"* -lilfl"* -l.+.io"* -ItiO^ 



* t l ij.TiM** -1,1*10"* • l.ii.u'* *l.JilO~* •l.lilfl."* *t.l*lfl~* .o.|»10~* 

ltu ' C L (1 "V l i.«*io"' l.Jlltlo"* t.itt±vT S T.O«.to" J f.*»ll*"* J.Vl^O" 1 Z.H»lg" S 

*,, 1.J7I l.jfj l.TOO t.TOi l.lll J.jjj f t „ 

If II » Brn tme, »11 t s shonld b* ths iiiic > II i* not Irnc 



OŬOM 



H 0*lta 



I I 



^ 



4=P: 



lH 



ai 



±± 



s 



-E-NJ, 



^^ 
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Time tSJ 



r-a^ 



Ejtperimental Plan tO find the rate law. for thc hydrogenarion of cyclopeniane on a 

Pt/Al 3 Oi catalyst: 

1 . SiDce this is a siable catalyst we don'L havc to W0rry abcut c<ttalyst decay and an 
Inregral Reactor will be used. 

2. Ferform several different runs, holding C Ao and W constanL whilc F^ is varied 
from run to run, 

3. Plot X^ vs. W/F A „ for all runs. 

4. Fit a curvc through ah" points tvhich passes through the origin. The slope at any 
poiDt is the reaction rate. Record the slope and correspondLflg C^ for many 
differenl X A valucs. Thcsc dafa can be used to determine the rate law. 



(b) Exrjerirncnta] Plan 10 find the rate law for the Iiquid-phase production of methyj 
bromide from an aqueous solution of methyl amine and bromine cyanide-: 

1 . For a litjuid-phase reaction without a catalyst, use a batch reactor. 

2. Whi]e runnuig thc reaction record both C A and C B at equal time intervals 

3. Repeat to ensure accumtc data. 



; 



Ejcperimental Plan to find the rate law for che acid-catalyzcd production of ethylenc 
glycoi form an aqueous solution of ethylene oxide: 

1. Sincc this is an aqueous solution with a soluble cata]yst, a balch reactor will be 
used, 

2. Several different runs wtil bc donc with different acid concentrations to 
deiermine the effect of catalyst concentration on the ratc of reaction. 



3. For each mn record C A al equal ti 
effect of C A on the rate law. 



e intervals, TJse this data to dctcrmine the 



r-aŝ 



F5-1S 



Numerieal Melhod 
Initial Point j f-St] 



-3*2.00 + 4*1.31-0.95 



InteriorPoin,: (S*) _<>^-2.« _^ 26 
\ ĉt } H 2*2 

FinaiPoint: f_£lĵ _ 1-31-4*0.95+3*0.73 _ ^ 



Graphical Method 



r.31 

0,95 
0.73 



i Aca _\t dCa/dt 

0.' 
-0-69 -0.345 

0& 
-0-36 -0.18 

0.14 
-0.22 -0.1 1 



= BH1H 



—Poh/. (S eriesl) 



I****** w hcrc the ae , mnt troHK ^ ^ of ^ ^ __ ^ ^ ^ ^. _ fM ^___ 



*** 
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Ca vs t 




1.S 






1.6 






1.4 






1-2 

3 i 
o.e 






I * SerieSt i 
h— — PpI¥ (Serien)| 


0,6 


y - 0.0294»? - 0.3847* + 1.9905 




0.4 


R* - O.M81 




0.2 









j ! a a 4 e 6 




Tlme(mln) 





From thc graph, WC dcternŭne the couation fcr C A as a function of tiine; 

^ = 0.0588t - 0,3847 
dt 
Using that we can find and graph the derivarivt* af C A at any limc 
Graphs ŭf the natural log plot o( thc derivaŭve aie given bclow. 

Triangles rcpresent the pJoi made by tlte NumericaJ Technique; cincles ncprcseai the Gmpli** 
Tecĥuique; and squares reprtsent polynomiaJ litting 



t * 





ln dCa/dt vs ln Ca 


-0 


.4 -0 


3 -0.5« 


\ 0.2 0.4 0.6 
y = t.5tB4X - 1 °'^2ji^^ 


9 


§1 




-1.5 


_^^^JI^^\ ■ 1,697Sx - 1.9231 




1? 










B 


A ^** 


^**^ 


y ^ 2.2973« - 2.2439 








■ 3 








ln Ca 



r-cps- 



EUJconf d 



b) Reactian order apprOKimations: 
Numerical Technique -1,5 
Grapliical l'i„ctuiique - 1 .5 

Polynoirual Technique - 2 



c) 



dC, 



Combine and then integrate from (0 t C AŬ ) to (E, C A ) lp get 

Plug that inio POLYMATH T s don-Iinear regrcssbn and find tfctt ct = 1 5 and 
k = .16 




l-P.a^Lt-5 |1 ~j 



*1& • 1.-.57S 

2 ««*« «fci 






No an$wer wi)l bc given. 



Gin 



a) 1) Froin POLYMATH* s non-linear regitssion tha followin? was 



k=Il5 a-AH p = -,ujl 

2) Again POLYMATH is used 



k: = 133 K„ = 9.0 

3) POLYMATH 



u 



^»]*. j hn*nv 



5-& 



ESilSconfd 






k - 8.4 K H = 2.B 

4) POLYMATH 



. ■ 3.26£S5c~ie *hZ - -Z,OSltB**ii. 

10 pDsmvr rKidujli, 2 i>rqil]v r rr-siUual... 5 W uH i^ir- H = i.Ŭ 

t ^ 3.26* 10" K m = 2.0Ĝ* 10" K M = 2.78*10" 



b) From the above POLYMATH rtgressions we can see that the besl rate law is number iwo. 

This is cvidcnt because it has thc lawest sum of squares. 



c) No aaswer wilJ bt g 



^m 



r 



P5^?0 



Using POLYMATH's non-linear rcgressiort, thc data was fit to the folJo*ing 
paramcters. For thc f5 rst eo,uation : k- 0.0024 K wo = 8 .3 1 • 1 1 5 
Kai= I.24*10 lfi 



5, 200 

i-H20*10 5 

i.*0O 

3,600 - 



2.000 -- 



rjCalcu].- 



Foi 



fh2ŭ»ia 5 
i.^oc 



z.sac 

2-OOC 
1.20C 



Modet: rh20=l{"KNO"PNO«PH2vi: 1 +KNQ*PN0+KH2*l s H23 

k = ŭ. 002^216 KH2 = 1.2t05£e*lĉ 

KNO = B.31392&+15 

5 posmve r-psidu^ls, 2 negan^e rpsiduils. 5um af sqi 






For the second equation: k = 0.32 



= 2.2M22e?-11 

61.S K m =0.00015 



5.2O0 
H20-10 5 

1.100 -- 



CĴCaleuLaied-. 



I I D-O0D51E 
H - IB.51C 






Th 
cli: 
cqt 



noOel : r N20 = l: nKH2KKND*PNa^C l -KNO*PNO-t-KH2wPH2> 

fe = O.ĴĴOt^S KNO = 6I.EH6 

KK2 = 0. 00015062 

S posmve resicluals, 2 n#:cjau*ft r- e-st dual s. Sum esi 5quare& = 3.32202(?- i 



5"'P? 



fS-20 coot'd 

For the Lhird cquation: 



^"rHJOJiia 5 

3.600 
2.BOO -- 
2.000 



k = 0.00052 K^ = 13,2 K HI h 18.5 



1.200 



° R?qf»ssion 



10 



L2 



l*t : r H20=* *l<HZttK.Na»PNa»OH2,'{ 1 -KNŬHPNa*-KH2*PH23 - 2 
3.000518943 KNO = 13.1994 

1B.5LQ2 
Ltive resLduals, 6 negauvi? F-e&n3uals. Sum of squar e>s = 2.iSD£46c?-t L 



jgjfe ^JtfO^ipJtf, 



(l+%V+K*ifyj 



Tĥis is the best equalion. In the second eauahon, Lhe calculat(>d value does uot 
change wtth a change in Hydrogen pressure so it is not a reliable source. Tbe fiist 
equation is somewhat reliablc, but the values for the Ks sm very bigh and do not 
DOate a good ansver. 



5-io 



This reaction is uot elcmentarv, if it were these t*o graphs would bc 
identical or neafly so: __ 



350 

300 

250 

S 200 

ffi 150 

100 

50 





5 



*Rea! rate 
■ Calculatad rs 



To obtain thc calculated nite, fhid k from onc of the rans and nse tbat one 
througbout. The graph is similai in the smaller pressurcs, bul k the piessure of A 
incrcases thc irates differ grcady. 

b) The scquencc is spccified this way so that r e is always iflcreasing. 

c) Nŭ solution will be given. 



ff-** 



C1)P5~A 

Givea the reaction P + NH>OH -^ NH 2 OHP 

wte« ? is Penicillin and NH.OHP is h^droavlamine acid {denoted by subscript HA) 
Ut A = Absorbe nC y, then C^ = KA where K is some constant. 
*-f-Cpi,(I-X) (e = for Iiquid pbase reacdon.) 



BV- 

Att = 



C fc X~KA .-. X==— - whenX = l and A = A_ 



K A. 

||:Assuiiiereactionisiiirversible; -^ = fcC; = kC^(l-X)' 
gRtf a batch, constant volurnc reactor : -i ^k - i°J 
dc, 
dt 



V dt dt 
^ dX C. dA 

C *"o7 * "A^dT = ~ kc * (I - x) " =- kC -C^- a/a.; 



£ ^" k (y (A_-A)* = K(A..-A)\ «toJt.Jfifc.r 

v ^fintegralanaljsisfirsL Assume that reaction is zero orrfer : 

jp "5T ^ K ° r Jo^A = A - Kt a. plot of A vs. t shouid bc linear if 
<***<* i, ^ order Fron] ^ pbt ^j^ . t ^ evidem ^ ^^ ^^^ 
aotzeroorder: 




^A 



' assuiIie ^at C&e teaction is first order : 



P <* of (A_ - A ) v5. t on semi - log papcr should be linear. 5> "32~~ 



CPPĴ-Mwrt'^ 



Time 


A 


A.-A 








0.685 


10 


0.337 


0,343 


20 


0.433 


0,252 


30 


0.495 


0.190 


40 


0.539 


0.146 


66 


0.561 


0.124 


w 


0.685 






jfr. __n -33 — 4£L- 



lt is evideŭt from the plol that the reactioti is not first orter. Tiy second. onden 



dA 1 

(A_-A)' (A„-A) A* 
1 





(A.-A 


)-A."" 


Time 


A 


A_-A 








1.460 


10 


0.337 


2.967 


20 


0.433 


3.968 


30 


0.495 


5.882 


40 


0.539 


6,549 


Jo' 


0.561 


8.065 









A plot of -ĵ : r vs. t should bc linear 

\A_ - A) 



9 -i 












8 










* 


7 ■ 










♦ 


< e 








* 








♦ 


*> 






2 

1 


>. 











Frotn the plol, it is evident that a Hnear ralationship exisls bel^ecD (1/A_-A) and tŭne; 
therefore the reacticn is secoDd order. ^r ^- "2% 






CPF5-B 

The rate law f or this rcaction will bc of rhe form: 



Whcre n = the order of the reaction and k = the spccific reaction rate eonsianL 
Thcse are the two paJ ™ et£rs wc need tŭ fuid ,jPJJg da?a given 

First, wc need to plot ln(-dC A /dt) vs. Jn {CA To do Lhis, we need \o know how fast the 

solution is tiaveling and at what time thc solution reachcs an electrode posiiion. 

Since the tube diametŭr is 0. 158 cm, the tube cross-sectional arca is 0196 cm z 

SoJution velocity = (19.6 cm J /sy(0.0196 cm 2 ) = 1000 cm/s 

S^ tel££[ rflJE? Taf Com P ŭskio11 *?A «■ *<= **™rsion crt» 
itdLuon cne percem oi Hb0 2 sul[ remanun" can be our C since we do n,nr h,™ 
fl» untal coucentmuon or molar flow rate of HbO z in sohitS™ 




.015 



"T6Ŝ" 



"94.32 



-1,86 



372 



A plot f ln(-JC A /dt) vs. JnfCj is rhen pruduced: 



9TJ5 



"iKĴT 



' Wj 



-1.52 



304 



6 

~^2T 



-005 



90.6 



440 



91.7 



7 
.030 



-00j 
10.9 



$9.1 
-1.5 



300 
89,85 



Problem CD5-B: Plot of rn(*dCa/dt) v s . | n (Ca 



6.05 
5 5.55 ■ 



5.75 - 

5.7 J 

446 4.5 



Jf • 1-4R41jc - 0.B622 



J.Si 4.S6 

InfCa) 



£*-'*/ 



CDF5.R corifd 

As can bc seen frora chis plot, the data points are not exactly Hnear, However to 
use Uie method ŭf differentiaj anal^sis of rate data, we must find a best-fit linefor 
the data. Thac best-fit ine is drawn in the plot, Eind the slope is 1.4841. Tbis slone 
corresponds co thc order of the rate law fn). Thereforc, the rate Jaw is aow: 

•*& * *^ 

To calculate k, the specific reaction ruie constant, we must evaJuale the followine 
eqnation, using the data gathered betweea dectrode poiuts 1 and 2; 

Therefore, tbe specific reaction rate is 0.39166 s* 1 ***, and tbe final reactioa rate 
Iawis: 

-r A = 039166^/%/ s 

CDP5-C 

Given: moJes of ammonia fonned at specific time 

Fuid dC/dt also known as the rate of formaiion of ammonia 

Use tbe graphical method and thc folJowing table is a. summary of fhe results 

Fust use a temperature of 35 1K 

COPS-C*3S1X 
t Cn 



St 




lCr> 


±C*fM 


ĴCnftft 











O.033 




5 


Ŭ-15 


0.03 




0.15 








0.027 




S 


ttiaS 


o.ozs 




07.,i: 








0-023 




1D 


051 


0.021 




o.-ias 








0.0 19 




10 


o.iss 


0.0165 




0.65 








0.0 1S 




10 


0.12 


0.012 




0.77 








0.013 




[0 


0.1 


0.01 




0.87 








O.OT 




TO 


03 


0-ooa 




0.95 








0.009 




20 


13 


0.00« 




IJĴ8 








0,003 


1.17 


20 


a.-no 


0.0045 


0.0074 




so 


0.1*5 


0.0029 




1.315 








0.M7 



§* 






I 



! following way 



Next, find ihe concentrations of GN and N3H4. Do this the following way 



S'& 



CDP5-C contM 



x = 






c OT 


=*w*a 


-X) 


C*; H 


j ™ ^c* o * 


^-3*AT> 


,5M + 2.57 5M 


= 3-O^SM 


&W 


5 
3.075 ' 


16 


&y? 


_ 2.575 
3.075 ~ 


.84 


** = 


^ = 5.23 





Once chat is done pliig ioio POLYMATH's aon-linear regression program with 

the following table. 

S-3fl3Ŝl 



0.033 





0.5 


3-575 


0.D27 


0.1 


0.45 


2.47 


0.023 


O.lfl 


0,41 


2.35 


o,.o_s 


0.32 


0.34 


2.14 


0.015 


0.43 


0,265 


1.97 


0.013 


O.Ŝl 


0.24S 


1.35 


0.01 


0.58 


0.21 


1.75 


0.O09 


0.63 


o.ias 


1.67 


0-OOB 


0.72 


D,14 


1-54 


0.0074 


0.73 


0.11 


1.45 


0.OD7 


O.fljj 


o.os 


1-3 



r-56 



fHE££ cont f d 



, 1 U B-J ? ? f 



1 


O.ĴD3Ĵ5L 


-C1.33S3V 


o.ĵsdĵsl 




-D.9HSŬS] 


-0.33832 


-3.305061 


1 



ivc^LJrU 0.35 Cottl. 



-..-nr.rih^ie o.ooodZBfizs -o.ooozsdihs o.dlhj..;:^ ■;■..*.. 
-0-it*a?a 0_&?i5l3 -i.zia^s -o.07d+53,s 

1.Z5.7D5 L.^DDI J.SŬ7J* 5.?0ŭ3ŭ 






t>»i - +.JS?3a 



Tbc answer we gel is that k = 0.00036 
a = -2/3 
p = 4.25 

Fbr the higher temperature, we know alpha and beta so we wffl just solve for k. 
Crealc this chart to fiiid dC/dL 



ST-3 7 



confd 



S itss n.03T 



ao ilsi 

« 17S5 

Sfi OJtS 

» 1.1« 

1« TJJJ 

1H 1.3M 



o-ioa oflujs 

0J7S Q.fl 1 73 



tLli 0.D1J 



» D.IZ aooa 

» CJffS OJ»is 
CQS=5~esj?rx 



»r r = = C.OOŬ+SĴJ* 



tJ- Olĵtj J ĵĵii n" 5. ^Rfi^ - E 



Ŭ-20CrZ00d7 0. OCO + 1 32 » 



^-3g 



CD.P5_C confd 
So t p .00032 



*\ 0.00032 J 2.3*8.314^371 351 J 



Since o*ygen $5 found in cncess, wc assume that -r^, is depcndcnt only on C^. 
This gives u$ s. rŭJ-t; law of thc fonn: 



From tbc units of the specific reaction rate, we assume that a = 3. Now, using 
cquation (5-18) &om chapter5, we can solvc for tbc d&sircd balf-lives, 

" k(a-l)[c^J k(3^l)[c^J 2k [ci_J 



(a) F or Cj^ = 3000ppm: 
3 



1/3 2(1.4x10"' ppm Vmii 
fls) For C,_ = 1 ppm: 



^(SOOOppm/J 



2(l .4x10^ ppm^/tninjl 



Umm 



CDP5-E 

Given the data, postulate a rate Ia.w. 

Then write the design equation in terms of the data given, in this case volume and time. 

V = V (1 + £Y) 
V-V a 



X = - 



V ŭ e 



v-v 



■30 



£E£5zE 



Plug that into the design equation: 




Now aad 4e ifcriidlivc. To 4, ftM use the gr^Uial nethod. 



i 


(UfV-VpJ/VoE^/V 


At 


A1-(V-V d )/V d e)/V 


AI-CV-VoVVoeVV 
/At 


dl-(V-V )/VoE)/V 
/dt 


u 


5 


30 


-2.21 1 


-0.0737 


-009 


30 


2.789 


30 


-0.7S5 


-0.0262 


-0.04 


60 


2.003 


60 


-0.679 


-0,011 


-0.01 S 


132 


120 


-0,443 


-0.004 


-0.009 


0,&8 








-0.00 15 



7 ^<fv 



CDF5>E confd 

The foilowing graph is made. 




SEf * d T '*,? ** ''^ lD£ of Ŭ*** va]ues * «^ "> «* grapbed Thc 




Frum the graph we see tha( <xte2. We can also find fo 

l; _(W 

- = .020mo/e_r 






„ 303.39 * ,2 



S.314*313 = 



= .9 



«£' .02' 
Thŭ foIIowiDg ratc law Ss fotind: 

SŭfiS^ *" VOlUm£ «$*<**£"• BB« «* *• design ^uation at_d 

c A = c^a - x) 

c M. 

„ .. . p « = y*A = -6 * 10I3,25JtP fl = 607.95 

Combming the* with the rate iaw just defcnnincd. the following volume is found. 

y - F **X 16.67*,S , /, 
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Chapter 6 

An open-ended probkm that requires students to create and original 
probtern and solution. 

"What i£. . ." probkm. Parts (c), (d) and (e) can be used in conjunction 
with Living Example Problem.s E6-6 and E6-S- 

Tfus problem concerns thcrmodvnamic equilibrium and multipk 
reactions. It is usual]y assigned at the graduate kvel. The heat of 
isomerization must be cakutoted at temperature below KKTC where no 
other reactions are dominate alternate to F6-5. 

P6-4. Ŝtraight fbrward problem to reinforce principles of how to choose reactor 

schemes to maximize the instantaneous sekctivitv S^ for parallel 
reactions, 

P&-5. Thermodvnamics and multiple reacrions, Alternative to P6-3. 

P6-&. Maximize S DU for paralkl reactions, Parts (c) and (d) allow the student to 

expIore the problem by varying the temperature and pressure. 

P6-7. This problem concerning drinking and driving has always been a 

favorite with the students. It is quite straight forward. 

This probkm is a new problem on drug medication which has been 
assigned for the past two years, is similar to P6-7, But it is a Litlle more 
open-ended than P6-7 in that the student must decide on the amount 

(one dose or fwo) of drugs and the times to administer them, 

P6-9. Maximizing S DU and $ for series reachon. Parts (a), <b), and (c) are straight 

fonvard, and could be one problem by themselves. Parts (c) through (f) 
allow the student to explore the problem and learn the trends as each 
reaction is allowed to be reversible, Part (g) involvesa packed bed reactor 
with pressure drop. If all parts are assigned, it wou!d be a fairly iong 
assignment. Good though!!!!! (Moose dung pie joke). 

; Pc-io. Straighc forward probtern that iŝ /airly short. Points out that the C5TR 

temperature can be adjusted to maximize overall selectivity. 

P6-H. This problem is a medium-kngth (Ca.4Ŭ minutes) straight forward 

problem it reinforces relating relative rates of reaction. It is most alwa ys 
assigiied as an "in class" problem. 

P&-12. Fairly straight fonvard probkm using POLYMATH. Allows for 

temperature variation to find optimum opcrating conditions. 



p.6-1 



3rd Ed U 
P6-13. 



P6-18. 

P6-19. 
P6-20. 
P6-21. 

P6-22. 
F6-23. 

P6-24. 

P6-25. 
P6-26. 



I 

m Solution Manual, Chapter 6 

This problem is usually assigned as it is straight forvvard and 
encompasses all the facets of liquid phase reactor design for multiplt 

reactions. 

This problem is a more complicated, alternative to T6-12. Parts (i) 
through (d) are reasonably straighl forward. 

Extends the Living Example Problem E6-6, to include a 3rd rcactioa 
AUows for pacameter variation, and because E6-6 can be baded diredj 
on to ones computer, it is a relatively short problem. 

Eairlv srraight Forward solution with POLVMATH or MatLab. This I 
problem is a simpler version of P6-18. Allows for a small degree of open- m 
endedness in part (c>- 

This problern is unique in that is onc of the few problems with gas ^phase I 
multiple reactions in which there is a change in the total number ot | 
moles. CDF6-H, CDF6-L and CDF6-J extend this problem. 

More complicated version of P6-14, however it is qmle straight forwardJ 
when using FOLVMATH 

Califomia Registration Exam Problem. 

Short problem using living example problem E6-8. 

Manv reactions are shown. The point is to find which ones are do»&|M 
at what temperatures. Usuallv assigned at graduate level in conjunctu?» 1 
wifh PSSH in Chapter 7. 

Requires the student to go outside the lext to develop an orign* 1 1 
problem. 

New problem with recent (1996) real data for a gas phase reaction wiffil 1 
change in the total number of moles. It is open-ended in that lt a&fcs »j 
sludent to select the best feed conditions. 

Member Froblem Hall of Fame. This problem is designed to ^ | 
enhance the students critical thinking and creative thmking skius j ■ 
varving the feed temperature and concentrations to maxim]2e meth 1 
production. Should count for more than one assignment, 

This current (1996) problem is quite cpen-ended and probably be asSJgn 
onlv at the senior or gradate level. Reai reactions and real numbers- 
This problem is more straight forward than P6-24 and P6-25 anfl I 
rapidly be solved with POLVMATH. 



3jdljdiiiaE 

F6-27. 

CDP6-A 
CDF6-B 






II 
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P6-27. This problem fequires Ihe use of AUafciabEe Region Analvsis (ARA) to 

solve it and in fact is solved on the web. 

CDP6-A Maximize S for parajjel reactions. Alternative to problems PG-4, CDP6-B. 

CDP6-B Rework of P6-14 for different reaction order. Alternative to problems P6- 
4, CDP6-A. * 

CDP6-C Straight idrward. Alternative to P6-14. 

CDF6-D Straight forward. 

CDP6-E Simpler alternative to P6-9. 

CDP6-F Very straight forward problem to reinforce the principles. 

CDP6-G Requfces additionai reading. 

CDP6-H Good problem invoJving gas phase reactions with a change ifi the 

number of moles, Straight forward. 

ProbJems CDP6-I artd CDP6-J are extensions of Problem CDP6-H. 
■ CDP6-K Have not assigned this graduate leveJ problem. 
I CDP6-L Have not assigned this graduate level problem. 

CDP6-M Straight fonvard. Alternative to F. 

CDP6-N Graduate ievel probJern has yet to be assigned. 

CDPfrO Straight fonvard. 

CDP&-F Graduate level problem yet to be assigned. 
Surnrnarv 



P6-1 

P. P6-2 

P&-3 

* P6-4 

$ P6-5 

r. P6-6 

* H-7 

* P6-S 

V: P6-9 



AlEigEied 



G 

AA 
G 

AA 









SoJuiior 


AiternaLes 


Di[Tieu_li£ 


Timj; 


Given 






20 


No 






70 


No 




sr 


50 


Yes 


6,A,C,D 




60 


Yes 


3 




60 


Yes 


4>10,12,C 




45 


Yes 


7 


SF 


50 


Yes 


8 


SF 


75 


Yes 


E 




120 


Yes 
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P6-10 


1 


4,6 


• P6-11 






P6-12 


I 


6,10,15,23 


• P6-13 




17 


P6-14 


AA 


16,B,C 


P6-15 


AA 


6,I0,12,M 


P6-16 


AA 


14,18 


• P6-17 


AA 


13,H,I,J 


P6-18 


AA 


14,CN 


P6-19 


I 




P6-20 


O 




P6-21 


G 




P6-22 


S 




• P6-23 


AA 


12,23,24,25,25,K,L 


P6-24 


AA 


23,25^6,K,L 


P6-25 


AA 


23,24,26,K,L 


P6-26 


AA 


23,24,25,K,L 


P6-27 


G 




CDP6-A 


AA 


4,C,D 


CDP6-B 


AA 


16 


CDP6-C 


AA 


6,1 2,14,18, A,D 


CDP6-D 





C 


CDP6-E 





9 


CDP6-F 





12 


CDP6-C 


c 


— 


CDP6-H 


AA 


13,17 


CDP6-1 


AA 


13,17 


CDPĜ-J 


AA 


13,17 


CDP6-K 


G 


23,24,25,26 


CDP6-M 







CDP6-N 


C 




CDP6~Q 







i? 


Ycii 


40 


Yes 


30 


Yes 


75 


Yes 


75 


Yes 


60 


Yes 


45 


Yes 


25 


Yes 


35 


Yes 


40 


Yes 


30 


Yes 


90 


No 




No 


40 


Yes 


60 


Yes 


90 


Nc 


75 


Yes 


45 


No 


30 


Yes 


■15 


Yes 


55 


Yes 


45 


Yes 


30 


Y«s 


45 


Yes 


70 


Yes 


30 


Yes 


30 


Yes 


30 


Yes 


60 


Yes 


45 


Ycs 


90 


Y*3 


60 


Yes 



= Always assigned, AA = Always assign one from the grcup of altemates, 
O - Often, I = lnfrequently, S = Seldom, G = Graduate level 

Alternates 

Iii problems thal have a dot in conjurtction with AA means that one t£m 
problems, either the problem with a dol or any one of the alternates % 

always assigned. 



Approximate time in minutes it wou!d take a B/B* srudent to soJve , 
problem. 
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PiffiaiLt g 

Ŝ? = S * ai S^™rd reinforcemeni of prindples (plug and ehug) 

reF= SffiSS*^ *« ****** ° f — - » 

IC - Intermediate calculation reouired 

M = More difficult 

OE = Some parts open-ended. 

Note the Mttei problems are found on the CD-ROM. For ^ampk a = CDPl-A. 
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Suminary Table Ch-6 





ŭquilibrium 


Vlaximize 


Batch 
Reactor 


PFR 


PBR 


CSTR 


5emibatch 
Reaĉtor 


Ottep 


Series Reaĉtions 


K$ 


9{b,c) 


9,7,S,E 






9 




9 1 


ParalJel 
Reactions 




6{d),A 




13 


12 


6,12,13, 
A 


13 


6 1 


Comple* 
lleaction 




M 


P.C.25 


15,16,17, 

B,H,1,L 

24 


N 


11,10,20, 
19,18,H, 

,?,F,23 






Fltraight Fonvard 
Reinforcement 

Of Frinciplcs 




6a 


S(a), 
9(*4 


15(a),G, 
M 


12(a),14( 
d) 


11, 
14{b,c), 






Fairly Straight 
Forward 




ĉ&l 




I3(a,b), 
I6(a), 
13{a) 


H(f) 




13{c), 
I8(b) 




Parameter 
Variation 




4(c),Ĵ(c), 
6{c,d), 

10{b),25 


9(c,f) 


I4(a), 
15(b,c,d) 
16(a,h) 


12(b),13( 

d),!5(b), 

16(a) 


4(c), 






Open-ended 




8(b,d),25, 
N 




I6(b) 


9(g),l7{d 
) 


4(e),6(d) 


4(0 




Critical Thirddng 




8{c) 




I6(c), 
N(e) 




N{e) 




^M 


More Di/ficuit 




9(b),N 


9{b) 


10(a), 
I6(b) 


N 


l0(a) 


N 



p.6-6 



Chapter 6 

F6-1 No soiutLon wSUbe givcn. 
EiLl No sotutkin wiJJ be giwn. 

P6-3 

Tht equilibrium consiant for the nractian 

ff-OL f£ cs-OL 

can bc estimaicd as a funcrion c-f Kmpmmn from the moie fracdon daii belo* 10Q°c 



3 ( l/T} R 

123 37i 
75 



lnK P 

iŭoo/r 



-1,39 
3,09 



^■-m^*™-^^ 



AH = - 1.357 -^L 



EB 



,4 + C^P 



r c,c c 



V c 



■Sjwi=^- = 80C^ 



To maiimize Sŭui, 



■ Operate a£ higli temperatures 

• C A should be kepl Iow 

• Tubular reactor with side streams of A 

• Semi-batch reactor with A fed s Jo wJy into a solution of C 



C-7 



P6-4 [confd) 



D + C 






T(K) 


Sdui Ca 


SnmCrJC A UJ 


273 


0,158 


2.805*10' 


473 


2,198 


2.583*10' 


873 


11.412 


7.725* 10* 


1000 


14,614 


322.74 


1250 


20.532 


97.208 


1500 


25756 


43.678 


1750 


30.283 


24.616 


2000 


34.193 


16.068 



Hence to mioimize selectivity we can use two reactors 
1* CSTR: 2000K 
2* 1 CSTR; 1250 K 



J^o-^ 



\F A =F M + r A V 



-F A -r fl V -^ 
-«""■C^Ce - lOOOe-*™^ C„C C 



= 2r 



c D 

C c =C C6 +2r c 
r r =r A - 1000*-- 8 



r C D C c 



Using thesc c^uations irt POLYMATH for different inlet concentrations, yield '* 
maxirnized at different tempcraturcs 



6-f 



P6-4 [cŭn('d) 

ML 



T 


Ccn (mol/dm 3 ) 


Yield 


850 


1 


0.977 


500 


0.5 


0.987 


1300 


2 


0,96 i 



f{cd]=cd-2*rd 

£ (cc ) =cc-cc*-2 *rt 

T=13ŬŬ 

rdra00* e x» (-2000/T) *e»«O.Sn^lO©D*e V .<-flB<re/T) *cd*cc 

rc=r Q -lOOD-«cp(-flOOCi/Tj*cc*cii 
?=rd/-ra 



All msuŭmum yields grcatci than 0.95. 



Lowcr concentration -* higher temperan.nes to get rigat yidd. $ee POLYMATH 
solution bclow. 



C->Z> + £ 



= k^C A \k } = 10sec _l 

= Jti ;^ = 0.03^- 
/rsec 



Fr= lOlbmol/sec 



d! 'jL- 

dV 



0.5 
" 0.73*900 
^13140 



-7.61*10"* 



V = 1005/t 3 

See POLYMATH solution below 



&~t 



P6^4 (coni'd) 
6-i tŭ) 



d(fa)/d(V)«ra 
d<fe]/d(V)*re 
d(fb)/d(V)=- ra 
d<fd)/d(V)=~rc 
d(f*)/d(y)»-xe 
ki=io 

k2=.03 

£t*fa+fc+fl5+fd+ffl 
fao=5 
Ctc=5/<900*,73> 

f tO=10 

rc*-k2 

x*LfaQ-£a)/£aa 

avo=£c&/eto 

C4=cto*(fa/ct] 

ra=-ltl-ca 



Initial value 



6-4 (d: 
V.irirtble 



Knj: Him m xalue Hitlimmn t. 



Final valuc 



fa 

fc 

fh 



2,50379 

3-15 

3,15 



POLl 



j.-fed-U,*c4*« 



0.0076 


J035 


0.00761035 


0.OO7E1O35 


0,00761035 


1D 




10 


10 


10 


-0.01 




-0.03 


-0.OL! 


-0.03 


a 




0.500756 





0.500753 


1314 




1314 


1311 


1314 


O.O03SO51B 


0.003S0513 


0.001414E4 


0.0Q1444fi4 



t-io 







a) Using the eqm(iŭn for che equilibrium constants: 



_ C C C D 

c A c B 



_ c x c r 
~c c c B 



We can comt up with the eq_atio__> for C A , C D , and Cx. 

C ~ — C° 
A K rt C B 
C - g .i c - c « 

c_ 
c r 

The rest can be found with stoichion_ctiy. 
C r =C x 

C B =C Ba -C D -C r 
c c=C M -C A -C x 



C x =- 



: Cfmll 



POLYMATH 



*- Ki *<; C * _b/ _y 



e =~Si»-c_- t 



C A = 0.OĴ06 
C x =0.71 



u_L up 


KJ 


□ ._._0i5l82 
0- 109.52 
0.7M_lBa 


3.015*- L 9 
-1.0S4p-i3 
-1,1Ŭ5_-1_ 


□ -71-4 _■__ 

1.5 

1.5 

0.754995 

0-97.1593 

0._?59_1 





c Y = 



0.68 

071 



We also find that X = 0.9S 



l-it 



coufd 
b) With the new equalion we must fmd the nttw equilibrium equations. 





Q = 


K r ,c A c x 












C r = 


K,iC c C B 












c x 












^ = 


K A C A C X 
C c 










Tbe rest are the same except fon 










Cx = 


c,-c a 












c A = 


c^-c, 


—/5 


(Jariib) 




ualue 




£==±==i 


cz 




D-990725 


]-052e-13 






cg 




1.07361 


l.t44*-12 


EtQ".t»ey^t{l^ce*eb;BK 






dd 




0.2^8101 


-2.6i17e--S5 


f [eif =cd-Stl*et-cb/ee 






cx 




D.D331 135 




kj = 5 






cao 




L.5 




e*-ey-e* 






cbo 




L.5 




KJ-l-Sl 






T 




300 




lcL=2.Sl 






sdz 




0.27061 1 




cao=L.5 






=yr 




1.03389 




cL-o=L.5 






t3 




«9.4255 




Idl-cfl/cz 






ca 




0.2111?^ 




syi<cy/« 






k2 




0.«SO2?L 




ca-cao-cd-cz 






cb 




□ , L5S06 




cb»cbo -cd-cy 






k t 




G.2Ĉ8SB 




ce=cao^ca-CK 






x 




O.BIJSĴL.? 




SCK-Ce/CJl 






cc 




L.L757L 
1.1.1459 




Wc fiad that 














C z = 0.65 




C T =0.91 


C t 


= 0,37 


Cj( =0.27 


C A = 0.4S 




C a =0.22 


C c 


= 0.76 




X=0.6S 














5^=2,8 




S^O-57 


s v 


z=l-41 





c) When tliu temperatiiFe us raised from 300 K to 500 K, Scx g«* Jown, Sd7- S* 
up and Svz goes up. 



/a 



I 



d) Firsi fintf the pro[H>rticmality constants frcnn the Anhenius eqtiacion. 

0.06 ^"^™" 

Aj = 2, 16x10'' 

Once those are krtown h comc up with equations for Lhe equations in Eenni of 

C M - C, 



#1 


+ Tl-,C jt +Tfe J C; 
-(*:+»)W 


-<*•+<* 


= 






T = 


Ti : + 1) : - 


4(tA 


P 


-««3 




2Tfr 3 




T = " 





C* = *,t C, = Jt.rC, C r = *#"> 

Usc EXCEL solvcr in order to find uie temperature that maximizes C H 



0.006164458 



«-** 






F6-_I GSkgaliinne 1 g/1 

Sweticn lcgal limic 0_5 gA 



-^i = -kj C A ; kn - 10 hr l ; A * Alcchal in gasDromttsinal trtct 
dt 

-£* = -k 2 + k t C A ; k_ = 0.192 A : B ■ Aloabcl in hlood 

dt i-tir 

C A = CAD^ lt 

di 
Cb^-Caoc-^-^ + C 

Ifat i = ; C B = =? C = C A0 

C B - Cao (I - •*■_ - k_t 
or if at t = : Cb = C_o =* -C - C A o * C_o 

C B ^C A o(^e-M) + C B0 'k2t 
(a) TwotaJimOTiflis = 80gETOH 

Body fluid - 40 1 

80g_ 
"401 - 

Ai i = ; C B = : C_ = C A _ (1 - 1* 1 ) - k_t 

C_. = 2^(l -e- 1Dl )-0.192t whm l in hcui. 



Ci 



v 



V 



2 4 6 3 10 12 
T-nrOr) 



In U.S. for C B = l f- . t = 5.2 hn; 



6 



■J^ 



P6-7 iconr/d) 

C a = i.5{l -«-"*]- 0.1Ml 
C B = l| a: - = 0. H 5 hr at i = 2.6hr 

(23g) A nczvv pcrson wquld br less affcctcd by Lhc akohol Lhan 3 chin onc. Tha[ is. the 
rcicriofl caic canstani would b= lowcr fora hcavy pcrson. 



P.6-S 

(a) 

LetAbe the taizlon in the stomach and B be the tafzlon in the bJood. 
Molc Balances : 
dC A _ 

dt r * 

dt B 



RaLc Laws : 

-r A = k,C A + k : C + 

A]J k vaJues aie given in the problc rn SLaiement. It musl be noted, however, that 
for C n < 0, k 5 must be «jual to 0, 

These cquations when eriLered in POLYMATH generate the foDowing resulte: 



g guationsi 

d(Cflj /d(t)=-kl*ca-k2*ca 

cUcb) /d(,c)=kl*ca--fc3-ki* ; cb 

fcl=0.i5 

k2=0.S 

k4=0.2 

k3=if (cb<0)then(kl*ca-k4*cb)else(0.1) 

fc = o. 



24 



brP* 



Inibial value 
6.25 



P6-8 (coni'dĵ a.KC 



gi 


O r 'JŬ ■ 


:a 


-a 


ŬJSO ■ 
0-210 - 
D.l» - 
&.3CŬ - 


i i 

L... 



G.3C0 :.!£ EClee liOCG &&0 &3E 



From tbe followtiig graph geŭeraiEd vsing the above program Ln POLYMATH, . 
can see thc proper doses of the drug: 

1 . First take t wo doses of the drug. 

2. Six hours larer take one dose. 

3. Take one dose every four hoiirs fiorn [hen on. 



l.ĴK - 




aooa :tw 2rj.GCŭ ĵccrjfl *c.qcc s.zoa 



£-/6 










PIU£gia&uiwPOL¥MATH: gets tbe foLiowing. 

Variablc Initial value HaainiLLm vaLue Minionn v>i )_n; 



100 




u 




100 


1.6 




6.7fl93e- 


lS 


6.7S9Be-lS 


1.4556 









0.6017 


0.9963 




a 




0.9961 


0.4 




tt.4 




0.4 


0.01 




(1.01 




0.01 


-2.71592!? 


-18 


-0.64 




-2.71592e-lE 


D.0H556 









0.0015037 


0.64 




-0,0132417 


-0.006017 



b}To find tbe majumuin protit, tatc thc above cquations and add this one: 
Cost = 50 " C ft * 500 - 10 *CV 500 -50*^*500- 30 *(e !J ' Cr '-l] 
Plugging Sji»POLYMATH:gEts the fo]lowing. 



<W? 



d(ca)/d(t) -ra 

d(cb)/d(t)=rb 

ŭicc) /<i(fc)=rc 

kl-.d 

k2=,01 

Co=50*ch*SOO-10-ca*5 00-50* ( 

ra=-kl*ca 

rc=k2*cb ^ 

rb=kl*ea-k2'cb 



*SOO-30*(exp( . S*cc*5 00}-1} 




kl 
k2 



0..4 
0.01 
-48000 
-0.64 



C.BH1 


Ŭj* _ 


%m. 


'* 


Maxii3ium value 


Hinirann ■•::■■ >r 


Final valu* 


4 







4 


1.6 


0.323034 




0.323034 


1.2453 6 







1.2453Ĉ 


0.0316026 







0.0Ĵ1602S 


0.4 


0.4 




a .4 


0.01 


0.01 




0.01 


9764-35 


-59502.7 




-"59502-7 


-0.129214 


-0.64 




-0,139214 


0.O124S36 







0.0124536 


D.64 


0.11676 




0.11675 



Find the maximum profit occurs ac 1=3.2 h 

c) Fijtsi, find che values for che proportionalitv constant from ihe Arliecmius 
equiation. 

0.4h"' = 0.000 1<T 1 

O.Olh" 1 = 2.7Sx10 j jt' 

0.0001 = a^™*'.»™,» 

A, =72 



2.78x10"* 



-A^ 



■(MfiuŬ'M.'^-'Ĵ- 



£>/£ 



E_6_-9 confd 

Using Lhe CSTR de.ign equatio„ ^ith respcct tospace-rirne, come up wich 
eq_alions for C A and C B . 

, _. _li______L 

«_• 
__&-_ 



_ j_______. 

Using BXCEL'S solver, come up witĥ ihe temperattire thal maj.im__es B. The 
concentnilion. and temperature are shown below. 



437.941035" 


0.0007354 


c2 


Ca 


0. 00015231 


0.63854972 


0,7153319 





rf}P_jt d is simil-r to pan b exce P t for two rate laws: 
ri-k_,r i|, .-C,.-ki*-C J , 
i. = k.*C A -k-i*C B -k.*C f ^ 

Using those rate taws bPOLVMATH produc. ihe foi!owm°: 



inif.i.-l ■ja , iu- 



d(c_) /dtt)-C« 

dlcb)/d(t)=rb 
d(cc) /d(c}=rc 
klr=B-33e-5 
klf=.ooŭi 

k3=2.7S_-6 
rc=k2'cb 

r*=Rlr. *cb-kl _ * ca 
_b-kl£ *ca-kl_ » cb-k2 *ch 
t =0, t f _ 35_ 00 



„1 




_.-/■. 



P6-9 


cont'd 














Variaole 




tfmi 


rta^imum value 


Minimum va 


LtM 


Final value 


D 




350000 







350000 


ra 




] -s 




1.5 


0.436316 




0.436316 











0.833237 







0.51*9 











0.5477B4 







.647784 


kir 




B.33e-05 




S.Ĵ3e-05 


fl.33e-05 




S-33e-05 


fclf 




0.0001 




0.0001 


D.0001 




0.0001 






2 ,7ae-06 




2.7Be-06 


2,7Se-0ĉ 




2.7Se-06 











2-3164e-06 







1.4342e-06 


ra 




-0.00016 




-6-57l6ae-07 


-0.00016 




-6-57168e-Q7 


rta 




0.00016 




0.00016 


-1.20Ĉ32e 


-[)6 


-7.77034&-07 



e)Part e ls similar io part ŭ excepl for onc rate !aw: 
r s = k 2 *C B -k.,*C c 
Using that in POLYMATH produces the folio^in*: 



&ĵKatio:iGj_ 

d[ca}/d:t)=ra 

d(eb)/d(t)=rta 

klr=S.33e-S 

klf=.000l 

k2f=2.7ee-6 

k2r=1.3 9e-6 

ra=klr*cb-kl£*ca 

rc=k2f*cb-!t2r*ic 

rb=lelf - ca-klr *cb-k2 f "cb+k2r *cc 




tQ ,o. 


-f ■ 3S00O0 












Variable 

t 

ca 

cb 

cc 


uiitial value 





; .) ; •i riLicr ■Jri ! ut 


Fi.nal value 


350000 









350000 


l.S 


1,6 




0.49O3OS 




0.490306 





0.833763 









0.5B3CS2 





0.526032 









0.526032 


klr 


S.33e-05 


B.33e-05 




H.33e-05 




S.33e-0S 


klf 


0.0001 


0.0001 




0.0001 




D.OOOl 


k2f 


2.73e-06 


2,73e-06 




2.78e-06 




2.7Be-Q6 




1.39e-06 


1.39e~06 




1.39e-06 




1.39e-06 




-0 . D0015 


-4.11573e 


-07 


-0,00016 




-4.1lS73e-07 


r'C 





2.25569e- 


06 







B.9l396e-07 


rb 


0,00016 


0.00016 




-l,12453e 


-05 


-4.75S24e-07 



&-ZD 



RjĜ_9 confd 

f) When kl>100 and k2<0,l the concentrdtion of B iinmediately shoots up to 1.6 and 
then s!owiy comes buck down, while CA drops off bumcdjLitdv ;jrii! 1'uLls to zero, ThJs is 
because the first reaction is so fast and the second reaction is slower with no reverse 
reactions. 

When k2 = 1 then thc concentration of B spikes again and nimains hi_h, while very 
little of C b formed. This is because after B is formed it will not got to C because ihe 
reversc renction is fastcr. 

When k-2 = 0.25, B shoots up, but does not stay as high bccause ihe second reverse 
rcaction is a slighdy slower than seen before, but siĴll faster Ihan ihc forward reaction. 



n) 



Similarly: 



dW~ 






(£j-<i-*# 







dW 


-*r^(l- 


a#$ 




v 






|*48 








r s = 


kjC 


- LC S 






c** 


/_ 




%<* 


| 



JF, _ frF^l - glffĵ^ ___£_!_■ aW ^ 
W 



dF c ft : F_{l - vVff 1 

dW v t 

Onee those are done we have to come up with a way tochange a wiih the change in 
diamcter of the particte. We know that 



iftH 



mb-fi% 



Where J, L, M, and N are constants that won'tchaage for this problem. 
Starting at the given aand the followingchart was made. 



d< f c| /d{W> *fc2*fb- (l-alp*w> - . 5/vo 

dt£ h) /<3 (») = (fcl-fa* (l-alp*w) * ■ 5-k2*f.b*U-alp*i 

d{fa.)/d(w)=-kl*fa*a-alp*wj- , '.5/vo 





G-09g 


dp=i 










alp=. 000 99 

v<s=lD 

fa0=10-D0O0OOl 


variab"! * 


initial \ 


ralue Kajcimum v; 


alue KinimuEi valun 


5 Finaljj 


fc 





le-06 


100 
5.51973 



le-OĈ 


100 1 
5.51S71 
3 . 60««] 


Sbc=fb/£c 


fb 







4.64730 







fa 




10 




0.Ŭ736O6 




Yb~£b/ (faO-ffa) 












)U 




0.2S 


0,25 


0.2S 






fc2 




0.15 


O.lS 


0.15 


0.15 ] 




alp 




0.O0O9B 


0. 00093 


0.0009S 


0,0001-] 




vp 




10 


10 


10 


10 




£aO 




10 


10 


10 


10 




Sbc 

Yb 









177.571 
0.994405 






0.6*3*1 

o.u^J 



When D p increases to 2 em. according to the above equatioris r |3 d decrcases by 3/4 
and ct also deereases by 3/4, The following chart was made and the selectivity has 
gone down. 



e-osg 


<Ĵp=2 










Vairiabla 


Initial v 


alue rtaxit«um value 


Miriimum valua 


Final value 


w 







100 





100 


£c 




le-06 


5.55377 


lc-06 


5.55377 


£b 







4.64749 





3.56SĴ 


£a 




10 


10 


0.659335 


0. -959935 


fcl 




o.2s 


0.25 


0.25 


0.25 


fc3 




0,1S 


D.IS 


0.15 


0-1S 


olp 




0.0O0735 


0.0DO7ĴS 


O.O0073S 


0.0O073Ĉ 


vo 




10 


10 


10 


10 


ĉau 




10 


10 


10 


10 


Sfc*: 







177.527 





0.64S741 


Vb 







0.994403 





0.392371 



6-^^ 



E__g confd 

When D, decreases toO Ĵ. according to the above equations, ^ increases by 6 and 
Ot aJso incrcases bv 6. The followitig chan was made and thc seleciivitv goes U p. 



Variabla 



kl 
*2 
alp 



f.arJ 
Sbc 
Yb 



Initial 



0.25 

o.ia 
o.oosaa 



alue MaKimum valug Minim_n i 
100 



4.7oess 

4,64701 

ia 

0.25 
0-15 

o.oosae 



52.6414 
0.961355 



le-OĈ 


1.24321 
0.25 

0.15 

D.oosas 

10 
10 



ilue Final valu 

10D 

4.70633 

4.04792 

1-24321 

0.25 

D.IS 

0-DO5eS 

10 

10 

0.359635 

0.46226 



Themfore choose the smallest particlc and the selectivitv will bc higli. 



Mok Balances - ^5l= r _ r ^b <1F c 

dV r > f - rfv-ŭ ~-r c 

RateLaws: h - k]C i k=lĵ 

: c^iC A k 2 =0.015 

... Stoichio^trv; C , =C fa ) F T =F A +F B + F C 

S-=60F b ^ ]5Fc _ 10F ^ 

vt W«T*" h POLVMATH ro f m d the necess^ voJume to maairmze S. 



£'~*M 



P6-10(confd) 



E^Li^iLio! 



d(fb}/d<v) =rb 

d(fa}/d(V) =-rc-rb 

d(£c) /d(V) =rc 

cao=-0,0 04 47 

kl=15 

k2=0.015 

£t=£a+fb+£c 

fao=Q. 06705 

cost=6D*fb-l5*£c-lO*£ao 

ca-caoMfa/ft) 

rc=k2"ca 

rb=kl*ca**2 



0, 



v f -. 30QQ 



1012-5 


1.4570562 


1050 


1.4532956 


1087. S 


1.4611432 


1125 


1.4626513 


1162.5 


1.463S6S2 


1200 


1.4Ĉ46239 


1237.5 


1.4655614 


1275 


1.4661071 


1312. S 


1.4664866 


1350 


1.4667222 


1387.5 


1.466S33S 


1425 


1.466S376 


1462.5 


1.4667493 


1500 


1.4665818 


1S37.S 


1.4663465 


1S75 


1.4660535 



Mole Balances : F A = F^ + r A V F p = r„ V F c = r c V 

Rate Laws : r A = -r„ - r c r s = k,C^ r c = k^C A 

k = k JEl]L—L-) f=vC . 

\rJ[t 919.67 ) ' ' ' 
$ = v n (60C E -L5C c -l0C Ao ) 

Usc Ihfcse cquations in POLYMATH a*id vai? T from S&fR to 1 16tfR and find 

maximum value for $. 

$ steadiiv rises wim lemperature and reaches a maxijnum a( 970*R (5lO,33°F). 



&-M4 



F6-10(com'd) 

:-:qT! ^.tions : 

f (ca ) =cs -eao-ra* taU 

f <cb)=cb-rb*eau 

f (cc}=cc-rc*tau 

cao=a,0044? 

ei=>ioooo 

R^1.9a7 

T=97& 

k2o=0.015 

E2>=20OO0 

klo=15 

vo=15 

V=400 

tau=V/vo 

co£t=vo»(60*cb-15*cc-10 , *cai&> 

kl = )clo*exp(El/R*(l/T-l/9l3.67) J 

k2=k2o*exp(E2/R* [l/T-1/919-67 ) > 

rb=kl*ca-'2 

rc=k2-ca 



<=;■ 


O.0Ŭ^2?T^i 


l-SS^V-IĴ 




D-Qaii??53 


-K2£?»-|- 




0-aocs?i2ŭa 


S.L3g7e-iB 




D-ODH? 




El 


!=C03 




fl 


L-387 
370 




*?o 


aots 




£J 


jcocg 






15 




^, :J 


LS 
+ D0 




k2 


! 1.3922 

o.odb5Cdb 






6,DBi5e-05 






L. 37326^05 




ra 


-B.D5?7Bc-05 





I ■- £idi 



r LA = ^laC* = -t07)(.l) = -0.07- 



ĥ ^am,^ 



I b) 



i*;' 



r JA - * r SE = 0- 



3 3 dnr«s 

n * n mo1 



r SB = 0*r,, =0 



dm J *s 
rnol 



3 3 dm *s 

r .„ _ ^ * ^d = , ~2(-3)(-5 D^C-l) __ ŭrnM ^r 

mol 



5c*-^=-( t 2)t049)(.5i)»^»J»S- 



dm 3 «s 



£"^5" 



F6-U coptM 



-j^ -^■2X.WX-Sl) _., fl n ftCT -JgL 
r 3u ~ 3 3 dm ■ s 

r lE = 0*i5, = 0— -*— 

r„=0*r, n = 0-^— 



r Jf = (.2X-049)(.51) = 0.005 
i = -0.07 - 0.0026 = -0.0726 



mol 



mŭl 

)— l — 
dm +s 



r H = 0.023' 

r c = 0.023 - 0.0052 - 0.005 « fl,fll2B^^J 

r D = 0.0078 - 0.033 = 0.001 1^-^ 

rt ^c mCj![ 

-r A 

_ VofC^-C.Q 

_M1zM,4oo<mW 

0.0726 



^" ^^ 



P6-12{cont'd) 

(b) 

CSTR 

MoJeBalances: 
Rate Laws : 



F * = F ** +r* V F B = r B V F M = r M V F P , 
= -C A (k 1 + k s ) r E =r M =k,C A r ? = k 2 C A 



4(rsb) *-»«${*-£) 

* C a F B =v ft C B F M = v„C M F p =v e C 



Stoithionictrv : ¥> =\ C F = v c 

Ust these eauatioojs in POLVMATH and vary T to ma*imiM ihe yield of p-x.ylŭas. 
The optimal tcmperature vvould be about 1455 K fU82"C). 



f <cb)= q b-xb»tau 

■ £ <cm) -ctn-rm*tau 
K^| c P)=cp-tp-ta U 
?.' cao=0.O37S 
I tamg . g 
: fclo=Q r 22 
. EU2ŬO0O 
^R-1.387 

k2o.t0. 7L 
82*10000 

$$&?»' W. 0376 -c*) 
rvv" ■Jj* klo *s«pfBl/R* (l/T-1/34 6) ) 

rb -!(l*e a 

"- c a*Ul+k2) 



Initial value 
0.0375 



. 0351409 -9.5ŜBp-i3 

■ +29l5e-0S 9.431 e-;S 

+ 2a2i(»-Q5 S. 13 1^-15 

0019569; -S.aoee-[3 

.03?S 

,5 
22 



tS3 
?J 

10000 
3. 503692 
3.0053133* 
1] IDiOg 

i-ooo Loesas 

3-000] 8a5B 5 
3.D03313B3 
-0.00+1024] 



£-*?7 



NSoltf bJlance: 




dC, __^ 


dC o *__. 
dV V4 






dC B _ r B 

dV v, 


dC, _ r E 
dV v 






dC c ___ 
dV v 


dC F _ r F 

dV v D 


Rate iaws: 


r^ 


--r Dl -3* r E: 


$ p f F ; 




h 


= -2"%, -% 


r D1 =k D |C A C^ 




■c 


- r D i + r E> ~ r * 


r_ = k_C A C IJ 




r D 


-Ŭt-i*'&+'%» 


fB = k FJ C B CE; 



The Hjuatiott for „4 cooversion of A is this: 
v c_-c t 



The fOtlpwir_ is the POLYMATH pro_ram to give che graphs 
Eguations: i.— — 

dicbl /d(v) =rb/vo x_y. 

d{ca} /d(v}=ra/vo &«s — 

d(cc) /d[v)=TC/vo ... ? _ -\ 

d(<:d)/d!v)=rd/vo — « 

d(ce)/d!v]=re/vo 

d(cf}/d(v)=rf/vo 

vonlD 

kdl=.25 

ke2=.l 

fcf3=5 

je={cao-ea, /cao ft_y : 

rdi=ktfi * ca *cto"2 _ 

re2=ke2*ca»cd ... _ 

Ff3=kf3*cb*cc"i — K 

re=re2 

rf=r£3 

rat=-rdl-3*rE2 
rb=-2'rdl-rf3 
rc=rdl+ire3-2-rf3 
rd=rdl-2*re2 +I rf J 




> 0, 



v f = so 



&-A$ 






E__J__contd 

o) W[th _ C5TR. start with the mole baiance- 

F M " F B = -r 3 V 
F c - r c V 
F D - r D V 
F E =r e V 
F s = r F V 
Next ij the relative rare l_ws and the overal! rate faws; 

-2-3 1 i K <- L * U ° 

^L = ^_-__i-__: k cc : 

r -. ^ r IA + r :A = -k 0l C.C_ - 3k__C A C D 

r c - r lC + r :c *r._ _ k Dl C^C_ + k__C A C e - 2k FJ C_C_ 
r _ = % + r» + r__ = k 0l C A Cl -2k_,C .C^. +■ k_,C_C c 

r e = r :E - k^. C A C- 

P^VdlSoL^T **■ COmbL,e " ■" " ^ **B«K5a rearra_ge » be 



/(C^= C, - C w + (&&€_ +ĴJt..C,C D )r 
/< C_ ) = C. - C_ + (2*0, C^C-, + t FJ C„ C^)t 
/(C.) = (^,C,Ci + t, : C,C £ ~2t F ,C_C-)r-C c 

■K?*H k * c * c i ^c,c^^c s c^t-c 
/(c_) = *_ : c A c_.-c_ 

/fe) = j*,.C fl C<.-_, 

That bem_ donc we can plug ihese into POL YMATH and gei that C = 61 C 
./». t_ = .Ll,C_ = .4Ĵ. C E = . 4_, C E = . 14. C ? = .25 ' 



C-&9 






_ -'.-i!ue 

Ŭ.6D3316 
0.^92733 

0, ] iZ__iS 
0,453523 
D. 1379* 4 
□,ZŜ]5£5 
L.5 



3. £03*. 
4.563«' 
-0.9S1. 
4.491». 
l.?3S« 

4,454«. 



6-13 (b> 

£tC*>J=ca-caO-ea*tau 

f (eb*=cb-cbo-rb*e.au 

f [ce)=rc*tau-cc 

f (cd) = r<i*cau-cd 

f (ce) "re*eaU:-ee 

C<cf]=rf*tau-cf 

CS0=1.5 

E.-.U=5O/10 

cbo=2 

kdi=.25 

ke2=.l 

XE3=S 
re=ke2*cii*ed 

rf=kf3*cb*cc~2 

X=(cao-ca) /cao 

ra=- fcdl * ca ■ cb* 2 -3 *ke2 *ca* ec 

rb--2 *J«il *e***cb"2-)c£ 3*cb*cc"2 

r c =kdl » co * cb* 2 -fcc 2 *C* * cd- 2 * k £ 3 " cb* cc " 2 
rdi:kdl*ca*cb'2-2 *'sc2 *ea "cd-kf 3 *cb*cc rt 2 



c) For the firsi case *here Ais Fed Lno a vat of B. The following equations w* 

the molc balances: 

_^ = r ^ v ,c___c_ 

ut A " v 

^- r -V Sfc 

V"' 6 ŭ v 

<c c _^ ..*, 



. £E_ 



itions: 



iau 


S 


CbD 


■2 


fcdl 


□,25 


ne>2 


□.1 


M_ 


5 


re 


a.a??3see 


rf 


0.050313 


H 


0. 5944515 


rs 


-C. 179337 


rb 


-0.2-4 1453 


rc 


0.0225331 


r_ 


0.0 90705 e 



d(c_)/d{t); 
-1' dlcbJ/ditJ: 

fdtccl /d(t 
" _(cd) /d(t 

d(ce)/d{_ 
' _|e_)/d(t)-:.i 

vo=10 

Mo*l. S 

___*..! 

113=5 

itU**d_* ca *__ 
;t»_«k_2*ca*c<3 
, tf-*)(£3*cb*cc 

*«<C_a-c_) /,:j 

; -yiVc-+vo-t 

t^r£3 

#V-rdl-_*_- e2 
£*r_:_-r_3 

L*rez-2 ■; 
'S*U-_*t_2*: 
°- t_ 



:' 



di 
dC_ 

dt 
dC_ 

dt 

dC^ 
di 



r~ V v 

Cr> 



= *b~'V 



c_ 



Lhe fatŭ !au > are Ihe satn. as in pan (a> ao the only othcr cquaii_n rtccded is; 



Ttais gets plugged into POLYMATH; 



0-So 



E^jjconrd 



dh 



/d< t) =ra+vo* ftAo-ca h 

I dfcb) /d(t) =rb-vo-eb/v 

dfcc)/d(t) =sc-vo«cc/V 

• d(cdt/c<(t) ^rd-vo*cd/V 

d(ce} /d(t) =re-vo*ce/V 

. d(cf}/d(c)=ri:-.vo*cf/V 

| VOelO 

cao=1.5 
Vc=40 
fcdl-.25 
fct^.l 

I rdl*]<di»- ca * c i5-2 
»2=ke2*cs*cd 
TĈĴ n kf3*cb»cc*2 

■ x*fcao-ca) /cao 
|VMto+vo*t 
te=re2 

?E=rf3 
|'.T«--rdl-3* = -e2 

{.*d.rdi-2- Ee 2 +rf3 T^ 




Ma xjjmjg value jKJniimM valug ?inal valuj 



0. 874132 
0.0D2T1D&6 



0.134965 
0.449824 
0.119B04 
0.151163 
10 



0.002710BS 
3.0138917 
1.99367e-05 
D.023132A 
D. 0135559 



10 



vo 


40 


40 


40 


40 


wi 


0.25 


0.25 


0,25 


3.25 


fc*3 


0.1 


Ŭ.l 


0.1 


0.1 


kfi 


s 


5 


5 


5 


j&l 


1.5 


1.5 


2.576B9e-05 


2.57689e-06 


«2 





0.045697'? 





2.796Ĵfle-C6 


rf3 


o 


0.213642 





2.6l569e-0= 


* 





:,4no7z 





0.06*915-? 


V 


4n 


1^40 


40 


JD4D 


r» 


o 


0.045*977 


C 


2,7963BS-:5 


rf 


a 


0.215542 


D 


2..S15S9e-i = 


« 


-1,5 


-1.0956e-05 


-1.5 


-1.096Se-C3 


rb 


-3 


-■?.759i6e-05 


-3 


-7,76946e-0 


rc 


1.5 


1.= 


-0.0128971 


1.4L8fl6e'07 


rd 


1-5 


1.5 


-0-0256529 


-4.001B*-07 



Ĝ^i 



IĴcontM 

For iht second cas«, B is fed LnLo a vat of A. So Lhe following chansts to the 
ibovc desisn equa[ion:h Lire made: 



dL 






All other equatioiu < 



* -18 D v 

e the samc. Again plug iiito POLYMATH: 



6-13cZ 



d(ca) /d(t)=ra-vo*ca/V 
d(cb> /d(t) =rb«-vo- (cbo-cb) /v 
d(ee) /d{t)=rC-vo*cc/V 
d(cd]/d(t)^rd-VD-cd/V 
d(ce> /d(c)=re-vo*cti/V 
d(ef)/d<t}*re-vo*cf/V 
VOflO 
ebo^2 
eao=l . 5 
Vo = 4 
hv:dl= - 35 

ke2= . 1 

k£3=;5 

rdl ^Vjdl * ca * cb" 2 

re2=fee2*ea*c<i 

rf3=fc=3*cb*ct*2 

x=(cao-ca) /cac- 

V=Vo-va*t 

re=re2 

rf=rĉĴ 

ra=-rdi-3*re2 

rb=-2-rdl-rf3 

rc=rdl+r e2-2 *rf 3 

spa-n51-2*re3*rf3 

C = °' 4 = 100 



Inicial valuc 
1-5 



:;: f 



6- ^A 






J_Ĵcont'd 

'-■ibl-e ;-i^i*l v ^Uic ^ nimui. value : 

IDŬ I 

1.5 1-S 

3 £ 

o o.S53ioi 

0.O603S35 

o o.iiooa* 

13 1Q 



7.6l455e-3S 



7.6L455e-36 

1.S96A3 

0.000270D77 

0. 0513271 

O.O0SB4S9S 

0-Oi38fi47 



0,25 

0.1 



0.25 




0.Z5 




0.25 


0.1 




0.1 




0.1 


s 




s 




s 


1.5 




6.849L9e 


3G 


6.B4919e-36 


0.030339 









3.908326-33 


0.233ZJ? 









6.95406^-07 


1 









1 


l&ttO 




40 




1040 


o.oiaass 









3.90flĴ2e-38 


o.2i32is 









6.9640Be-07 


-6.S6644e 


3G 


-1.5 




-6.9S544Ŭ-3Ĉ 


-6.96403e 


07 


-3 




-S.-S6403e-Q7 


1.5 




-O.0276SSS 


-1.392B2e-06 


1.3 




fi.F6403e 


07 


6.9540Be-07 



In case L, A is (b& main species in ihc rcactor after a good arnouni of limc, In case 2, B is rtie n 
species after a time. The conversion of A is much gicatcr in case 2 than in case 1 . ln case 1 , 
hbwever. E and F are formed morc early on. 



f d) When G B = 1, thc reaction does not form as much of anv of the producis. Whcn B = 10, ihc 
convcrsion goes to 1 and a lot of F. but very liltlc E arc furmcd. 



^-TJoCc + rcV/^O 



r A - -ki C A - k 3 C A 

r& = k| C A - k; C fl 

rc = ki C B 



£-33 




4.ee s.ze &.BB \z.ss 



») PFR 
Mole baiance: 



C HŬ - 0.02 1 
C MD = 0.0105 



dC M 


dz 


dC s _ r 

dt r * 


dT - 


dC T 
"df^ 


dC D _ f 

dr Ffi 


r M =-k,c M c£- 1 


r^r^-k^C.^-rs 


r x = -r„ - k,C x c " 


r Ht = -r H + tAC ŭ H ! + r» 


r T ak : C x c Ĥ Ĵ - r » 


r B = k,,C T C H j 



Plu»<nng those imo POLYMATH gets the following: 







E£_____co D f_ 








CSTF_ 

M.Ie -_]_-]._: 


F^-F„ = -^V 
F*={r,„+r :j( )V 
*>={■:-+ r. T )V 
F*-feMi+i_i*+*V«i5V 
*_ * £« 






Rare Law: 


-r, M =-r,n * 1* - r l(fc - k,C^C M 

-r_n = -jjĵ* = % = (itfc = k : C 9 H J C y 






S[Oichiometry; 


-r. H =-*jt =r » = *W » kjC^C- 

F H = v D c H 




; 




F M =v e C w 






?x - V A 








Ft = %C t 








F^-v^-v^-C^ 






F B -^C B =v fl [(C M0 -C H )-C--C T l 




1 




Combiniiig all of these: 








c > 


a -'C H ■*_ k,c^c M t 




1 . 


c> 


^-(k^C^-kjC^)! 




C T 


^kAC-k^C^r 






Cj. 


^Ch.-C, 




E£±_iiH____ 


C.^CC^-C^-C^-C- 
Thc followin2 is the POLYMATH pragram and the 5_mJnaiT labEe shouin» all of 
the concentraiioi-.. 


W%'i l-aaj __-,_<■ 


ho* ()<;_*__.*. _*crt,- 


-- T ch"-5-«-k3-ct-ch^.-) "_*u 




■mp+ki*ch" L .S-_si't 
_h".5*em-l__-c^-, 

Ctl" . D-CK-kĵ -Ct-C 


(fflri.»,,,.», U__-L_b)_- Uolup 


r C_ 




- sj^ŭhj-m- ^ Q.0OJ*?6Sl_ 
cn G.DC3CMS-B 


'-_-.<S3*-.'. 


l "Ŭ-SS.3 




" C.O__]7iiS7 


2i79._-H 


1 k-J:.. 




ct _ r O_2B__ll 
cho D,02) 


-l.lE.Se-.i 


| JJ-U.2 




k- 55.2 




1 W**.5l 

1 ^-oios 




t_ 30-2 
t3 lt-2 




__-P**'-ho-fh 




cna £t.Q135 




P- «_* 


C_i_-- al 


1 -cx-ct 


c-..- Ii._il_2_«_ 
cb 0.00] 41 251 





l -__5jT 



P6-15 cont v d 

The conversion of Hvdrogen and Mesityienc are then: 



c M0 -c M 



0.021 
O.0105-O.O03Ŭ 



.71 



C. = 0.0078 tb mol/fr 11 
Cr=: 0.0029 ibmol/ft ? 



C M = 0.0030 Ib moi/fr 1 
C ^0.0l3tbmoE/tV 



C x = 0.0032 lb mol/fr' 
C B = O.OOM lb moi/fp 



b) When 9 M is rcduced io 1 .5, it now takes a x of 0.24 b Eo achicve a maxiiTium of 
:tylene. Increasing 6 M to 10 now requires a 1 of on! y 0.08 h. 

c) To find ont the reactor schemes needed, use (hc attajnable regioii theoty to get these 
graphs: 



Attalnable reglon 



Attainable ncgion 





OŬE-03 2.00E-03 3.00E-03 



Using a PFR wou!d maximize C,. If we used a ratio of mesirvlene to hydrogen of 
10, thcn wc would only liave to have a T of ,08 houts. So our voulme of the reactor 
would be only 38.08 fr\ So our entering cortcentraions would bc .0105 !b mol/ft ! 

of Hydrogen and . 105 Ib mo!/ft ? of Mesitylene. 

d) First ftnd the proportionaiity constants of thc rate constants using the 
Arrhenius equarion. 



i m 



A, b 9.72 X 10 B 

A,= 12674 

11.2 = A ĵ e- < - w ^ l7S: ^- ,M 

A f = 8.28x10* 

Once thai is done, by irial and error come up wiih the ternpcraturc wherc S XT = S^ ■ 
and ihe answer is then S62K or 1 55 1 -6*R. t_> - _?^> 



d{cm)/d(t)=rm 

d(ch)/d[t]=rh 

d[ex}/d(t)-rx 

<HcM*)/d(t)=rro e 

d(ct)/d(c)=Et 

d[cb)/d(t)=rb 

ns«-55.2-cm*ch*.S 

rx— nn-ĵŭ , 2 'ex*ch- . 5 
"«SO.S-cK-ch-.S-rb 
"l-m-3Ŭ.2* cx *ch~ .S-rh 
£ «••■ntitĴŬ . 2 *cx-ch~ . S+rb 

^»* ' ^-o.si 



Initialj^-uu^ 




Ql>— 0.0105 

'"^um conctntration f xy|cne occurs at x = 0.19 h. 



O.OŬSOfioli 

0.0171015 

0.00477233 

0.00130152 

-0.00239715 

0-00352127 

(1-003932 

O.Oli^stfl 

-0,012&3S1 

0,083992 



D.00C6996Ĵ£ 
0.UD3S1B-17 



-O. 003932 
O.0L263S4 



0.S1 

0.000695636 

0.00301047 

0.00372332 

0,0171815 

0-004772ĴĴ 

0.00130452 

-0,00236715 

0,00330568 

-0. D0«5$12 

0.00364547 

-0-0136364 

0. 0125304 



ĥ -3? 



P6-16 



Siait wiih thc mole balances: 



f<t-16 cpiit'd 



dF., 


dF, r 


&-« 


dF* 


dv " 


"dv"" w 


dV 


<_V 


dv " r7 


dF 6 

— - = r s 
dV 


dF H __ 
dV H 




Then th_ rate law_: 








r lt --k,C^C 









rs-kjCŜC, -k,C*C» 

r ft = k 3 C.C,-k,Cfo 

r^k.Cfo-k^C, 

r 4 = k^C, 

Fh __ j--^ + k . C ^C l0 + k_Cfc, + k,Cfc ft + k,C H C T 

Final!y ,the s-oichiomeirv: ^ 

Putling * of ** tog-^her _nd pi U _«i POLVMATH and gec che «Ŭ*g 
prograitt and __iswers. 



PĈ-1- Kydodeilkyatiaft Reaccicns 
Egu-ti-iis: 
dtclU/dm^rl/vo. 
_fc9) fd<V> "■ t-ri+_3-J /$- 
dt_10)/d(V) = I-rl*r_) /vo 
d(c3>/(i(V)=i-rl*r4)/VO 
(J<c7)/d<V]"[-r4*r5)/VC 

<i[c5)/d[V)=-rS./vo 

d(chh /d(V) = lrl + r2*rl+--4-r5) /V- 
„S=--1 

sai=c_/ (ci-^-oaooooi) 

sB3=ee/<c9+.-0001t 

ci-_= . 1 

■S_ _■_-■/ (-1-- . 006-1) 

_3U-c9/ [_l-+cB*_7+C-« .000000011 

r5=-V:S*ch'-,5*c7 

kl-kS-lT.S 



Itlitial valug 
0.137 



£-_?? 






















ES-lfi 


cont*d 


X2 

w- 


k5" 
Je5-"- 


10 
1.4 
2,7 












X=l 


-ell/ello 










r2* 


-Jt2 


■Ch* 


.S 


eio 








r3 = 


-kĵ 


"ch" 


s 


c? 








rU 


-XI 


ih- 


5 


cll 








ri = 


-M 


eh- 


5 


<rS 



!fe 




s-is 

variable 



HSKiMu» value 


Minin 



m ™* 





lail iralue 


0.B00063 


8000S3 


0. 0551357 










0152019 


H-.-SiSl 


o.ooo 


I0S7U 





0OO10S7H 


o.oesnci 










00525749 


0.0550i04 










0550404 


0. ■0270125 










02-7012 = 


0.00336495 







D 


00336455 


0-395 


0.0003Ĵ5509 


3 


000325609 


1 


1 




1 




2.1 


2.1 




2 


l 


84.4133 







3 


C74S 


1-23542 







1 


23942 


0.1 


0.1 







1 


S. 56561 







3 


S5S61 


0.57S962 










4*3044 


-0 


-0.001091.1! 


-0 


-O0i02Sig 



6-39 



tt 

V.i 



5.ST 


5. 61 




5.6? 


0.99E«a3 


-O.Ĵ1 




0.J9SS02 


-T.Jjaig«-Oi 


-0 65 


T7H-: 


-7.J2B1B=-0S 
-D.0B1S5911 


-0 


-0.2: 


0311 


-0,00751363 


i'j 


-o.ne 


233»: 


-O.C05**2*7 



Tht ratio of hydregc[i io p4n[aroechy Lbciiiene is 2,&3 aod the vduroe U O.fi m- - 
b) Shown. in this POLYMATH progfam, ivbich is the. iame as the first. we se 
thai die raiio now becomcs 4.9 to 1 aud ihc volumr jncjeases 10 6.B m f ia 
maximjjc S„. To niaumize S^ it follows that thc voluimc urold b* smaller 
bccausc thc eariicr thc reacnon is cnded tjie less CJ ihat is foimed. 



n 


6.63*5» 


ŭ 


6.BB439 





O.Q***0SJ 





1.5S3554-0S 


0.&« 


0.0*2 


2.56915*-1B 


3.569iSa~JB 


4 


0.o«ma 





B.JT4*£=-11 


a 


0.0337025 





D.D01071Z9 


o 


D.B*6*S* J ? 


& 


0.0233036 



Ĝ4* 



Entcr the givcn prograni into POlYMATH. Ecjuations for (he concentrations 
rnust be added. 

The foi!owing majtimums can be seen in the graph given. (More cnact valucs c 
be found in ihc. corresponding tablc in POLYMATH.) 

0^ = 0.0434 and C^ = 0.0033 



l-::' : i'J >. l;:-nr. : 

dffc)/d(v)=klM£a/ft>M£b/ft>"(l/2)-k3Mfc/£t)+k4Mf-, ■:"■•■ 
)Mfd/ft) 

dffa)/d{v)=-klMfa/ft)*(£b/ft)*Ml/2)-k2Mfa/£t]**2 g 

d(£b)/d<v>=-kl/2*{fa/ft)Mfb/ft)*Ml/2) A 

dffwl/d(y)=lc3*(fc/ft)-k4*(fw/fcl.*(fdyft) ' 

d(£d)/d(v>=k2/2*<fa/ft>**2-k4MfoYfc)Mfw/fc) 

atfBMdf*j*k3»,tfc./ft) 

df£g)/d{v)=k4*(fw/£t)*[fd/ft) 

kl=0.04 ( V =Jj ;Dj rtr ed ^ _ 

ft=fa+fb+fc+fd+fe+fw+fg ^*/ 

k2=0.OQ7 

k3=D.0l4 "W 

k4=0.45 

vo=lOO 

ctD^ŭ.U7 

ca=cto*(fa/ft) 

eb=cto*(fb/ft) 

cc^ctŭ*(fc/fcj 

cd=ctQ*(£d/ft) 

ce=cto* [fe/ftj 

c*=ctŭ*(fw/ft) ^ 

cg=ccoMfg/ft> --' 



Iĵiitial value 




s-#r 




P6-17(contd) 

m 



OveraJljieldofHCOpH: Y c = 



Sel ec Li vity of HCHO 10 CO : S ^ = 



F^ -F A 
F A 



Selecti vity of HC OOCH , to CH ; OH : S K =^ 
F o 

Se 1 ecti vity of HCOOH to HCOOC H , : Ŝ^ - -^- 
Fd 

«_ = £__ 



Add these equations to the previous program and use it to generale the desired 
piots. 




6- ¥^ 






P6-I7 (cont'd) 

(c) Modtfv Lhe ori_ inat POLYMATH program by adding y to each of the 

;equaiion: 



concentration LCrms. Also add the follovvmg 



■m 



dy _ -a 

dV " 

a = 0002 F Te = 15 

The graphs of corjcentnjtion down the reactor are very similar to those generaied 

in part (a). The only major difference is that with the charige in pressure, the 

maximum reactor voJume is si_nificantly smaller. 



*U/2)*y-k3+(fc/£t>*y+k4*<f 



Eg uatJORS :_ 
d(fc)/d.fv}=kl*(fa/£t>*(fb,'ft) 

w/£t)*(_(_/fe}*y 
a(fa)/d(v)=-kl*tfa/ft)«[fb/fe)**(l/2>*y-k2*(£a/ft) 
d(fb)/cl(v)=-kl/2*{fŭ/ft)*(fb/ft)*+(l/2py 
d( fw) /d ( v) =k_ « [f c / f t) *y-k4+ ( f v/ f t) * (f "&/£ c ) *y 
d(fd)/d.(v)=rk2/2*(fa/ft)**;:*y-k4*tfw/ft)*(fd/ft)'y 
a(fe)/d(vj=k3*(fe/ft)«y 
d(f _) /d(v) =k4+ (fw/f fc) * (fd/f t) *y 
d(y)/d(v);=-0 h 002/2/y+<ft/fto) 
k2=0.O07 

iu=o.o4 

ft=£a+fb+f C +fd+f&+fw+fg ° ,LCŬ J 

k3=0,01* f_y- 

k*=o.« _?_ °"' K J 

vo=lŭ0 

fto=i5 

ca=fa/vo 

cb=fb/ vo 

ce=fc/vo 

=d=£d/vo 

ce=£e/vo 

cw=fw/vo 

cg=£g/vo 

V = °< v f ^ 1000 



I__ ■i- 1 valua 




^-^ 




P6-17 (eomd) 

(d) 

. - c ii r ,h„t vslue* Varv T and find out what 
SubsliLUie thU eauation in for nJI of Lhe k values, vary 

The besL Lempcratum at which 10 run -« reactor i> 525 K or 2^0 C 



P6-18 








Mole Balances : 


-^-t dV P dV 




dF._ r 


RateL_ws: 


r^^fc.Cc-k^ 




r ] ,_k 1 C c -k J C P + - 4 C A 




rft =k l C c + ]c 3 C 1I -k 1 C A -k s C A 




r D = ^C A 


Stoichiometry : 


«.-*&! *-*ta 


c A 


-M -m 



Use these equation: 



F T =F C +F P +F A +F 
* in POLVMATH to generate a plot of the fdp* raLes v 




(b) For a CSTR 

Mole Balanees : F c =F & + r c V F P =r r V I 
Rate Laws : r c - -kC c - k 2 C c 

r^^k.Cc + kjCp-k.C^-ksC^ 



V V F =r fi V 
r & = k*C A 



^Vf 



P6-18[coni'd) 
Stoichiomjclrv : 
Cumbiric : 



F c = v ,C t F p = v D C p F A = v,C A F n = 
f(C c ) = = C c - C Ce + (k, +■ k, )C C T 
f(C P ) = = C P -(k,C c - kjC r + k,C A )r 
fl[C A ) =a = c A - (k t c c - k,c, - k 4 c, - k f c, y 
f(C )=0=C a -k3C A r 



Use these tquations in POLYMATH to gcncratc valucs for the ffo* n 
valucs of t. Lr&c these vaJucs to generatc thc dcsircd curve. 



ggpjationj ; 

£ tccj =ee-ceof 1*1**2 ) -ee*t«u 

f tcp) =cp- ( Jtl*CC-ki*Cp+k4*Cŭ) * tiu 

f (ca> =ca- (k.l-cc-k3 *cp-k4-cs-kS *caj *tau 

f (C0)=co-)i5»'ca*tau 



IrŬCiaL valne 



*1,\- 



■ 



kl=0.12 
k2=0.046 
10=0.02 

vo=10 

k5=0,04 

17=3008 



tc-i 



"r.-t- 



cc 


o.ŭ3aa?oi 


-S;s+s*-|,? 


cp 


0.2! i?i t 


-l.O^Se-to" 


C.l 


ZL0Ŭ£33B£5 


-2. 309»- 15 


" 


0,0?<sa63B 


-B. 51B&-1B 


k 1 


2 
0.12 




V2 


0.O1-6 




*3 


0-03 




H 


O.CĴ" 






tc 




K5 


c;ai 




V 


330C 




fC 


0,383701 




fp 


3,11711 

0-0633865 




lau 


Ŭ.76063S 
3QŬ 









(b) Ftowratesvs. 


T 






, 




JL_ 




\ 




1 


FC 

Ff* 

FO 






_1_\_^ 




'. \ 


fiH ■ 


V \ 




T' K 


?CJ 


V ^ 




^fearŜ^ 






[ 


50 tou 


L50 2E0 250 


300 J 



£*•#£" 



Civen: Liqirid fced 10 CSTR 

Ligtud fesd 

■ua * S Umin 



fi = ^j C A k2 - 0.02 rain » 
-rj = fc 3 C a Itĵ = 0-07 min' 



Li4nid Proiiuci 



C-0 
Widi thc folkjvrtftĵ Tcaccftfi seauence 

A -► C -r,^, C* k, « 0.01 rniii-i 



F->B+Dt ~r, = lt*C£ kj^OJOl/gmol-min 

fel k 3 

(a) SLnce C ii an ejd piodueL formed [hremgh iiuennediait B by eiiher A -> B -» C or 

F— >B+DT-*C. or dtrecdv froro A — > C, thc maximuni conccntratian of C occurs 
when all A and F ha*c becn CDnvencd to C : C^ = Cjuj + Cpo, (with e = 0). 

(b) Boih A and F are cnly decomposed by the above schecie: 
BalanctonA: ^C AŬ ^C A =(-r A )V^(. ri -rj)V=(ki +ki)C A V (a) 
CaojlCa 



C* 
crC A - 



C.n 0-4^11101/1 



0-4 emol / 1 



1 + (ki *■ k^ t i + (0.01 + 0.02) min ! (J2ŬL\ ~ 1 + (0-03) (60) 
C A -0.143 £ mcil/l 
BalancconF: -J Cfd - uo C F = (-r F ] V = iu Q} V (b) 

SuiC f +-Cf -Cfd = whercT = -¥.=r60thin 



i-¥t 



P6-20 (coDfdĵ 
Rate Laws : 

- r c = -'.*+ 2*» +i< 
-r £ =-0.5^ -S/ĉr^ 



■ _sl.25r lA + _-_■_„ +r B 
-r H = -1.5r [A -l.Sr^ -r^ 
-r."-2i_, 



Use ttacsŭ «fualions in POLVMATH to find the exiting tnolar flow rates. 

Inicial va 1 u _ 
* 1 

Bb|-v&»ch-£bo-tb'W _ 

«(*u_»ce-rc-W 

*■'!*»» *cf-rf*iw - 

*4>s ■- .- - - ^^ . 

mtĵtJf ft(? 
fu 



>,0fll3 



K3 

P*'e»*eb \ J 

*Ke»-a._ b 



L.93SUJ7 -3.31J.-H [» 

Ŭ..9977Ĵ7 _.__»-:* rj 

o..a&i7s*ea -i._.7»»-._ , i 

3.3iJ3?*[aa -7.3^3»-!^ -2 

Ŭ,ŬM3«ia9I fi,41-r-L9 '« 

■■ i»-_B -_. __.-,- Li) ,3 



V 1 Y - ~. _ 3.6X10^ 

*» -*+*-&&* F / 0Ŭ178 

"■«* Y l ~ Z 3 »4 



Cho-lOŬOO 

JS>*«20 

£Jm»T200 



K2».M 

n»*u»o 

R-S-i«3 

Fb-Hw',S 

vo-2.41oT/PtK. 

Ph-fh-8.JOJ-.iOJ 

y-fc/ (fbo-fbS 

Pcb£c"S.J09-T/v 

rtw*fho-Jl-Tyv6 

rtn- [kl-fti-M»-* 



i ts.-j. 



63.5613 

3232.08 

852. 19: 

IDOD 

13000 

*320 

?200 

2,? 

0,026* 

0,0? 

0-04 

1400 

8.3C9 

B4Q 

1721^.3 

i2.Ĵ£i : 

2,55036 

1 60 1 . 3 1 



5.S2ĉe-l3 
1.84?e-12 



-3.08<<2<Ŝ 
C.852ia: 
-9.33644 
8.23208 



Thc highest yield occurs at prcssures: P™ = 1400 kPa 
P H0 = 1945.2 kPa 



6>-^r 



Mok Baiances: 

dR 

^>= r 

dv * 



dF i; . 
dV" 



Rate Laws : 

^=*>C C 
StJoicbiornetiy ; 



S^* c ^ at ^ ns in POLVMATri. Vaiy p, and T. tc find the optimal 
condnions. We detertnme thesi k be: * 

T„= 315.8 K P a =I60atm V^lOOdm 3 



<i [ f ■>/,!{,, >..«» s 

ar«i)/atvj«3-rI*-=2*-rte 14 

d<!s)/drvj.rl«+r2a ( 

d(5t>/d"<v>=-r U-r3e 



SJVdfi 



-ri« 



d;id)/d(vj=r2a 

TO=Jlĵ,B 
FO=L*0 

Kl = l3LSoT(0.aa!.9*'T>-2"«J5piĵfJS2 



?(LS0( 



Sfi,- : 



:/30Ŭ-i,Tl) 



i"i0lMI*«sqslMJ«/I.SS?»{.i/T-l/2»?.>J 
:s>=Po/i.OiJ'Tol 



cbBCtD-lfh/f;;). 

c S =C; *(Sc/fT:|.- 
Cd-Cto^lfd/I;). 



=3cp-:t3-(r3 

Elfc--fcl»(04*«b-3 

ria.-fcj- (oa- e d-tt/K2) 



/Stli 



4- 4? 



• 



P6-24 (cont-d) 










Variatale 


liilci.al value 


HiKiBmn vaLue 


HLSilf.-jr. vaL-_ 


= FiMl vala* 


v 





ZDO 





200 


r a 


6 


9.99892 


G 


5.99558 


ftj 


14 
k 


17.3031 


11 

. .150752 


15.1939 
0.134792 


fc 


u 


0,907053 





0.&320S1 


fsr 


i.i 


1.13751 





1.1J7S4 


li 


30 


q: , 


0.0010927 


0.DO1417S6 
27.4983 


To 


315. B 


3L5.8 


3L5.3 


1-iS.i 


Tc 


LSD 


iSŝ 


160 


LSO 


1 


34*. B 


iis.a 


315. s 


3L5.B 


V- 


&. 00423571 


0. 00428571 


4. 00429571 


D.0042BS7L 


E 


mi.ta 


1791,13 


2791.12 


2791.12 
2.33122 
40761-5 
0,03416*9 


Ctn 


&. ntiz 


S.17E66 


e.i?8«6 


5.17366 


s* 


L. 23373 


L.23S73 


D.0US2L4 


O.0US214 


cb 


2.3B337 


3. «3572 


i.aaĵjT 


3,*81S6 


cc 


o 


0. 202553 





0.2532SB 


«d 


0.823321 


o.aiĵan 


O.00f2J64S2 


0.00099261S 


■=■ 


L. 23573 


2.24735 


1.21573 


2.21593 


nc 


-0 


-0 


-0,00fi9«339 


-0.00527054 


rla 


-0,044029:* 


-0.00215647 


-0.04402Ĵ9 


-O.D0215S17 


r2a 


-2-93305 


4.Q0fl4J*-fiS 


-2.93305 


i.OOOflle-OS 


IjK 








M*ciLWK 



12044S 
17 913 2 



^Sii 



1700« 
3.74SS0073 
3.SBS339S 




£- SO 



J 



P6-24 (confd) 



Use the $ 
n*actaat_. 



fKffi^Ba»*^******^ 



£ hydrog_ n ga *. £ Carbon ffionoxide ^ i carbon ^.^ 
tS s JS »2 sfmiJar t0 «**= in part f» » a^ te opfiinal ¥0 lujru , & ^ 

m&Sh&S^Sf^ ?Torŭc *?** similar Spe SS 

oiuerencc is that thc F c values ane mofe than doubJed. 



Metb-n-L -yr.tlies__ 

'(?»! /div> _rla*r_a 
*i*W'a(V)-2- r u-_2_.-s-3_- 

4 f-!/d.V)*- c3 - 

.' ^*F*t?tH. F c*rd»F-*Fg 
I »ft»16C 

■ ^J«*«»!f».^r31400/a-9_7*(_ ; /W^, /5 .jj,j 
gJ J «""<0-O0 l M*T3-2- tap ,,« Bil/1 . a „, (lj) ^ 
"•««*« P( 18000/1. M7-(i/3o_.i/t)) 

^**-«Si(l.S*28._ 6 /i. 9S7 , (1/32S ir™ 

Cta -*o/..082*i&, 

^*" Cc °-<Fa/?t)*. T ,_/T) | 

*_£_*>*<*_/?_) MT4/T , r> 

£ct_ MF , /? _ >M1WT , ; 



l 0. 



160 

180 
-__ 



lc«*cd-c_'as/i:3, 

T f - _oo 
^thaneH syi.th_._i* 

- Fc 


1.24_8S6B 

-.oiimsi 

3.«0622l 
2.6J66715 
3.-8:0932 

2-5292203 
2.-193659 
2.376S1B 
-.2171669 
2.0519865 



«t.-M 


0-ao*___ri 


B-60«B-T| 


«»,1 




-.««M 


l.S.Hl 


i-«si3: 










j : 4 : _•: :; 


..0-13_S. 


B-9Ĵ*_B.. 






4.17BS* 






*4TS, 


_.647_i 


&.S.7_I_T 


e _4T.'T 


-SJ.B 


_.--_JJ 


iilflt 


s.iisŝi 



6-^/ 




l.cto |O.C£G i&SGG 15G.CS £* 



£-^-~A 



:Lw S : 


r^ _-r, -T^ -i 




r E = r, - r^ 




r _*k,C A _ B 
' ' + K A C A 




rj - wk>C_ 



1+K A C A 
wk,C„C, 



1 + K„C„ 

Stoic(_ometry : C^ ■ 0,54 kmo_ dm J = 540 m.i/ dm 3 

from Henry - 5 Law : 

C ij = 5.9 MPa(o.OĴS kmol/ m J ■ MPa) = 0-3422 rnol/dm ' 



Use these equations iri the follow_ig POLYMATH program to generatc graphs of C v C„. 
C c , C r and C F as a finiction of time. 



d<ca]/d(-)-_a 

d(cb)/d{t)=rb 

<i(cc)/d{t)=_c 

d(__) /_ftt=-e 

d(cf)/<J(t)=rf 

w=l_ 

k-=-0 . 000468 

K_=2_.76 

*2 = ,000227 

k4=0. 00147 

U = O.0C_B2 

r_-w*__-__ 

rl=w*kl* ca * c b/ <1+Ka*e_) 

T-=w*k2 »c_*cc/ < l+j__*ca) 

-4=w*k4*ca*_e/ (l+___* C a) 

*-=-_l 

re=r.-r. 

rf=_2+_4 

ra=-rl-E_- r 4 

TC-rl-r_-r3 

fc A ■ °' **■- 20 



i-i-ial valu. 
0.342- 

540 



-_5"-3 



Z&l 


jconrc 












V*riHEl* 


tTizttaL valua 


Kjjjuun valuc 


Hlni™^, 


11-.JB 


FinaL ve.1'1* 
20 


Cfl 




0.1123 


0,3422 


?.usn«- 


iO 


9.L8SL7»-20 


tm 




540 


5*0 


SJ9.65B 




S39.S58 


ce 







0-111641 


o 




O.20S67S 


e* 







0.136398 







0.L3619B 


c£ 







6. 3 1328« -05 







6.3732Sc-05 


w 




VŬ 


10 


ID 




L0 


)tl 




a.ooa*68 


0. 000468 


0.000*68 




D. 000*68 


fc» 




22.7* 


22.16 


2J.76 




22.1« 


fcl 




Q . 000Ĵ27 


0-000227 


0.000227 




O.0DD221 


*4 




0. 00 1*7 


0.00147 


0.001*7 




D. 00 147 


« 




0.00292 


0.00283 


0.002 82 




0.00282 


rl 







O.DOH7B027 


D 




0.00560002 


rl 




0.038*025 


0.0964025 


2.3L9B1* 


19 


3.3l98L*-L9 


r2 







1 . 621*-05 







*. 28839*- 23 


i« 




o 


*. 9 636 3t-0t 


D 




L.9*L6le-22 


rt 




-o. 0984 025 


-2.3l9Slc-L9 


-O.09S4O2S 


-2.3L981S-19 


rB 







D.0D87SJĴSS 


D 




0.00580002 


Ff 




o 


2.07778»-05 







l.Z70SLft-22 


rl 




-0. D98*02S 


-2.122068-19 


-0.0984025 


-2.32200c-19 


rc 




o.o 984025 


0. 09 8 4025 


-0,0083*598 


-0. 00580002 




c-^i- 



CDFtf-A 

Given: The foDowing systeni of gas phase reactioas: 

A— »B -r A1 =2 mol/dm^-min 



= 6min 'C A 

= LS- ^™ 



Finding selectivitj : 



mol min 



SfiB^ 



6*C A 



6 
2 """lS*^ 

To mininnze B , make C A as high as possible. Tnerefore use a piug flow reactor, 
To mmimize D, make C A as low as possible. Theiefore use a CSTR. Tbe above 
cwo statements contradkt each otner. Thcrefore look ai ŭ» niimerical vaJucs. 
P_ _ 405,3kPa (k ] 



C__ =-__- = 



RT~ 8.314 



500K 



mcl 



molK 
and since $ = £ a + 5_. + £_ = , 

C AF = C A0 {1-X F ) = 0.LC A0 

Eiammmg the laifos at Etaal and initial conditions: 

S _,1^Z = 0.29. 

._£_£_____, 



'.097 
6 



■•M 



18*.O97*0.1 
r_ seems to be the undesirable dominant reactiou the whole time so keeping C A low 
will maximize C the best so use a, CSTR. If we tried to change reactors, we would 
Want s cs = S cd> out ti» only time that happens is when C A equals 1/3 and it ncver 



£JJ£___B 



.____<_, \*-9 

-r A 2 + 6*.097M + 18*(.097) 2 *.l* 

UqC a _ -_,<, C A +r A W-0 

-^oC B + r_W-0 

-u o Cc + r c W^0 

-UoC D + r D W = 

r A «-i?j Cl-k.C A 

^ - ki C A - k, C_ r_ = k_C A 



■ks;C_ 



$.-3** 



CDP6-B (confd) 

THc «^ifltiOTva: 

f (ch) -~cb* tkl*ca*ca-k2*cc> -«•vfl 
f G=t> •- cc*k£-cb*w/vff 

f Ccai -cafl-c*- tkl -<=a*c*-k3*ca) '«^8 
kl-.2 

vff-Z.S 

w*5HBŬ - 

Initial values^cto ff = *- iaB-i3- z ,^c^ 
cd^ B.Zflf" 



ca-= I. ittB*ia'' 



V*riabU 


Vslu* 


cto 


B. i.94«t~ * 




0.155-ir* 


cd 


Bf, ass-tr* 


ca. 


0.29ti*LS~ z 


fcl 


&.2B3Z 


k2 


-,+0B-lfl" 3 


fc3 


B.6IBMJT 3 


caB 


».ax0fl 


vi 


2.5BS0 


- 


5*8*- S 



dC± 
dw 

dCŭ.. 
dW 

^i 
dW 



VM-'-*V 



fm 



Th* cc^tiomat 



*2 = 
t*> = 



d(ea) vd (w) - (ral+ra3) r*a 

d (<*>) •d Ew) * <-ra.l +rbZ) ^v" 

d (=c) ^d (w) --rbS^v* 

d Ccd) ^d (w) --raĴ^va 

U-.2 

ral--kl*ca*ca 

k2«.-&"4 

rb2 — k2*cb 

k3-,BBJ*« 

r-s3»-k3*ca 

iTiitill^alue-.: *** *.*, -=*„- f-«*i «V *- a > ***' 9 
cd ff * f." 

Final value: w f « lltfl 
0,0014 m 3 Agcat*s 

0.00146 »-»T 

0.0000765 



,i=-kiC A 

2 - -fcĵ C B 

ĵ - -fc- c A 



«10 2 




■ te 



=r^ 



<L-ft> 



fl&EfiiC 



Bach reacKji: ^ = | 

00 ^ - 0.01 sec-i , t = U tnin - 90 s 

K*ĵk>«ft 

b (l^H< 
V ' L - cfr' 

- Ĉ" 4 ** **'* a e^°' 0IJ < w > = 0.41 

B-+C rc =t 2 Ca 
B-^D rt, =fc 3 Ca 
^•n» = T Bl + r c + rD--k I C A + i: 2 C B + tĵCB 

■ ft * " k i c <« elClt + te + k») C B 

Wc"^ * -f° 01 ) (0-2) ***** + (00O3 * 0.002) C B 
| Tt -0-002 fl - e -Mitj + 0,005 C B 

% * Rmig^Kuaa Gill ntmierical soludon, wc ficd ttou, fbr t = 2 mm = 120 s.C B = 

■ 0.136 ginol/dm^ 






<£ - 5-7 



CDP6-C (confd) 



(c) 



'■^--rc^fc^CB ; ^ = *i<= B ! Cc -kjfcadt 



Frnm ihe sobrion in pan (b). we bave vaiues of C H « wterv*]s a$ smatt a* 5 sec, so we can 
use SunpMn's mle k> obtain Cc: 
t - 1 min = 60 sec, 

Cc - 0.003 (li)[0 + * (0.0449) + 2(0.07*2) + 4(0.102) * 0.11*3] 

Cc = 0.0129 gmoVdm 1 
i = 2 min = 120 sec 

Cc - 0.003 (^jtO + * (0-0782) + 2(0.1 183) + 4(0.1 34) + 0.1355] 

Cc m 0.0366 gmol/dm 1 



~f*0 



1W 



~~~T 
~~~T 



0-164 

0.134 



-0.1ĜS 



. : ■ > ■ 



0.027 1 





0.O572 



0.0950 

'o.ugr 



"otoj ; 



0,131 

"'0.125 



0116 



0-107 
0.0^2 



66561 



~~T 



G.00l8~ 

obo&T 



0.0129 

~o~~~r 



U.0285 ' 

"SjoW 



0.0447 



0-0523 




0.00 u 



' 0.0043" 

~~~SS'g~ 

~~ffiĵ~~ , 

00190 




-"40" 



:: 



0.063* 



00566 



0.6667 | 0-04^ 



0.0$73 



6- &7f 



C (coEi"d) 




Bzhncnnn U- 

' CB+fc ' C *^-t2C B t-t ĵCjJ T=0 
CBd^t + kĵtĵ^tjTC^ 

c A 



F AO-F A + r A V = 

^C^-uCA.tjCAV^o' 

C AO-C A -fc,C A ^=0 

CAO^CAd+td^^O 



Cao fl+k lT J 






-£*- = L - C B (l+k,ti-k^ 

Cao l+k,t CA»t,t 



C«*(l + t T tJ(l + k lt + k, t ) 



10 

o.os 



50 
0.26 



100 

0J3 



150 

034 



200 
0.33 



300 
0,3 



500 

0,23 



a cccun ai t = 1 50 4 



<e-^n 



CDP6-D 

First, find ric values for k. 

k = ')QOQ e <-iŭPAOotx!'ivjfy „ t t 

k, -nuTe'-"^-™"*™») = .22 
In ihis prcblem Isobutylene = I 

Methacrolein = M 
CO, = D 
CO^C 
Oxygco = O 
The mole balances for these species are as follows; 
F»-F. = (-'"u-f I1 -rj 1 )V 

F D = r_V 

Oxygea is in escess so we wiH assume fhat F, = F^ 
The rale laws fbr these leacuons axe as follows; 
-^ = -■-,0 = ^-^^« 

L 



25 



- f ID - ^Z^-1*"00 



^ 3 c,c« 



Combkie all of these and eome up wim the fottowingi 

C w - Ci - (k^C^ + k^C^. + k^c»* 

C M - C Q = (k^C.C^ + ^ k^C^ + 2- k^C.C^T 



= 4*k,C I C OŬ T 






^C^^C^T 
Before plugging into POLYMATH, evaluate the parameters and derive equatioi_> 
for coDversion. 



e T 



=JL 



= 0034 



RT 082 * 700 
C B -y^C T *a*. 034 = 0.0034 

C OT -0.031 

c K 



x ( 



x a = 



C D 
4C B 
Xx-X tl 



£-&0 



CDPn-D CODtM 



'■*, 



Tbeo plug 10.L0 


POLYMATH to get the follovving: 






Equationa : 










f<ci)= c i-cic.+ 


kl*ci*coQ+k2*eJ 


*cqo+HJ *ci*cŭo} *tau 


initial 


valae 


0.001 




£<cm}.kL*ci*c 


»*^-a 




O.flOl 




£(edl-4*k2-ci 


coo*;au-ed 








i (ec ) =4 *ci *eoc*tau-cc 




0-004 




f (co| =co-eoo+ 


ki*ci"eoo+2S/4" 


It2*ei-ccc+l7/2*]0*ci*coo] -cai 


i o.oi 




cio=.0034 










Kl^.1-2 










COO-.031 










k2=.ia 










JC3..22 










Cau=slQ 










xliciŭ/cio 










x2=-35-cd/cic 










x-(eic-ci)/ci 










x3=x-3d-x2 


Solutiort 








Uartable 


tj*lut> 


f"0 






ei 


a.dc2272?3 


-1.7?S?-12 




Crn 


0.000313*55 


l.D! le-12 






Cfl 


O..OOJOSQ?2>3 


-1.331(?-12 






C C 


O.CG28lBES 


3,835«.-: 3 






ClO 


0,0034 








kl 


1.2 








cae 


0.031 








tj 


O.Ĵfi 








*3 


0.22 








tau 


10 








«1 


D.21B6£3 








*2 


0.0372995 









X, = 0.4*0" X u ^fi.25 X„ = 0.037 X M sQ.21 



Ĝ- C/ 



CDP6-E 



C C = KC B 



dC A dC B 

r A = k 3 C D - k L C A r ŭ = k£„ - k,C B 
Once thai is done, then it gets plugged into POLYMATH and thc composition can 
be found. 



Aftcr 6-5 h, the answer is found to bc: 






Equations : 




laitial vali 


d{caĵ/d{t)=ra 




1 


d{cb)/d(t}=rb 







cc=.5*cb 






k2=.001 






UU-.002 






"ra=k2*cb-kl*ca 






rb=kl+ca-k2*cb 






E " °- C f = 390 






Variable Initial value Maximum value 


Mininium value 



Final valuŭ 


t 390 


390 


ca 1 1 


0.540245 


0.540245 


cb 0.459755 





0,459755 


cc 0.229878 





0.229S73 


k2 0.001 0.001 


o.ooi 


0.001 


kl 0.002 0.002 


0.002 


0.002 


ra -0.002 -0.000620734 


-0.002 


-0.-00052073* 


rb 0.002 0.002 


0. 000620734 


O.OOO62073* 



<e- £ % 



CCE^lE 



A + B-+C+D 
®C + B->E + D 

Firs[ find T. To do this use the original dtsign equan'on for a CSTR: 
,. F in X 



Theo since F M 



= C^v and x =s V/v a thcn the dcsign equation becomes: 

. c^x 



Using ihe rate law and 5toichiometry we find: 

Combirdng all ihesc and solving for x wheo X - .3, C^ - - 1 and k, 

T - iL^ a — J^ — = 1.04h 

k,C rt (l-X) .412*.!*. 7 
Onee that has bcen calculated, redo all tbe mole baiances: 
C Al -C A =-r,ir 

C*- $,=-*,* 

C D = r D i; 

C E = ^T 
Theo do the rate laws: 

-r* = fe^C^ 

-r 8 = k l C A + k J C c 

»e **£*-**<* 
r D = k b C A + k,C c 
r £ - k z C c 
Combining and rcarrattging imo a function: 

/{CJ = = C A ~C M + k ( C A T 

/(C n ) = = C, - C M + (k ( C A + k 2 C c )* 
/(Cj^O-lk^C.-k^T-Cc 
/(C^O^C.+^cJt-C,, 
/(C e ) = = k I C c T-C t 



£-&3 



CDP6-F coafd 








Plug thosc into FOLYMATH: 








fi-F 
Equations : 

f ( ca> =ca-cao*l?l*ca'tau 
f f cb ) =cb-cbo - ( kl * ea+k2 * cc 1 * tan 
f (cc)=(kl*ci-fc2»cc) "tau-cc 
f (cd) = (kl*ea.-k2*cc) *tau-cd 
f (ce) =k2*cc*cau-ce 


y*L3ŭle 


SoklHon 


f() 


, cb 
cc 
cd 
Cf 


0.0700015 

(L! 08382 
0-0233;2S 

0.00162231 


33&Srl5 

S.tf3H3 

-3. 10*- 13 
1.579P-U 


cao= ; 1 
kl=.412 


CJD 


ŭl 




tau=104 


tau 


tJ04 




CbO=.14 

k2=.055 


ĉba 
12 


0.H 
HK5 





c = 



, ■ .028 aeed Fc * 10 
1 Q -028 



V = tv D =1.04*357- 
b)No solution will be 



371.3£al 
given. 



CDF6-G 

First, write iti of ihe equations in terms of symbols: 

(1) 4A + 5B<=*4C + 6D 

(2) 4A + 3B»2E + 6D 

(3) 4C + B»2F 

(4) 4A+6Co5E + 6D 

(5) 2C»E + B 

(6) E + 2B«2F 



Setup a coefficient matrix: 



tn -4 

(2> -4 

(3) 

(4) -4 

(5) 



(6) -2 



■ Spccies 
C D 
4 6 
6 
-4 
-6 6 
-2 




2 
5 

1 

-1 2 



6-6^ 



Frc 



CDP6-G{cont*d) 

Nbw. reduce the numbcrs irt column I and rows 2,3,4,5, and 6 lo D by adding and 
subtracting with row l; 






4-546 
2-40 
-1 -4 G 
5 -10 
1-20 
0-200 






0] 


2 








2 


5 





] 





-i 


2, 



Next, repear this for column 2, iows 3, 4, 5 f and 6; 



-4 1 2) 



Hnaliy. repeat for column 3, rows 4,5, and 6: 
-5 4 



2 







1,0 



6 0"| 
-4020 

■12 2 2 


oooo 

12 



From this final matrDc it is apparent that thcre are four independent reacdons, 
We then use reactions 1 , 2, 3, and 6 to define our X values: 




-0.50,^ 



& - &£~ 



CDP6-G(cont'd) 
From herc we geiterate a Stoichiometric Table: 



Spccies Ini___ 



Change 



FinaJ 



-F Ae (l-X b +X~F 



F~7T~x7~~~~ 



b Fa, 



B 

C 

D 

E 

F 



F (1.25X q +O75X 2+ B X J+ e 3 ?y ¥^^-1-25X^75X^X^0^ 



F A0 (1.5X 1 +i- 5X j) 
F JM ,(0._X 1 -0.5X«) 

F,.(2e B x J +e B x 4 ) 



F^i--_X|+1.5Xj) 
F Aa (0.5X>-0.5X a ) 

F Att (2e & x 3 +e B xj 



dv A ^ 



dX, _ dX, 

. ' +F *■ = 

* dV *° dV 



Balance on B: 



M^^il' 



Balance on C: 

•**\ dV B dV } x 

Balance on F: 

Combine and simplify to get 

tfV 

dX, 



r,^-K + ^K 



P*. 

*° HV 



' dv 
dX, , 

" dV ' 



-r)-ri-T r *- r J _ K 



(^- £>£> 



A + ^B-»C 

2A-^D 

A-»D£ 
Cr^O.lSmol/dni 5 
!tLCfl = (0.7) (.15^ = 004 
kj Cĥ^ (0-6) (J5?= 0.0135 

Fab*10hioWhbi 

Fgo =t 5 rool/min 






w 



dV 



F^Fa + Fb+Fc + Fd+Fe 



* - fb 



4.S0. 


^SL ^^4 




/^^~^^~--ir^--^ 


2-ffB- 






/^ — «— : — i ■ - 



^B VE B.2B B.4* *■** B - a * l '" 
v-l(T 3 



£-ĉ 7 






CDPŭ-H (confd) 



CDP<S-I 



The «^uations: 

d(fa) 'd(v) --,*4*fat (fb/ft) *-.S/ft-.ailS* (fa^ftl *•* 

d(fb)^d(v)--,aa*fa* [fb/ftJ^.S/ft 

d(fc)/d(v) -,S4*fa*(fb^ft)**-S^rt 

d(fd)/d(v> -,M475* (f*/ft) «2 

ft*fa*fb*fc*fd 
Initial valuea: v ff - *.-. fa^- l#.B***, fb,- 5.*«*. fc - Z*9 

fd z - 3.3 
Final value: v f - lffHS.3 



i^G + H 



kĵCro 
^Cto 



= 1.05 x L<H 
= 1.35x10-' 






dV " 



^dfr-»"^ 



The eauflt i orts : 

d(fa)/d(v) —.Iiifa-Cfb^ft^^-.S^ft-.aiaS^Cfa^ftl **2 

d[fb)^dCv) — .B2*fa*(fb/ft) •■-S^ft 

dtfc)^d(v) «.ff4*f a . tfb^ft) • *. 5,/ft-.ffZ4* Efe/ft) 

d(fd)^d(v) -.3S£7Wfa^ft) "Z 

d(fe)^d(v) -.021« Cfc/ft) 

d(f£>/dCv)-.ffl3S*CfcWt) 

dffh) /<i M -. ffl35* (fc/ft) 

f t - ft* iTd* fc* fd* fc- fg* f h 
Initial v*lui«: v , fj.0, ra ff * l-fl.ff**, fb^* S.flBBB. fc^- fl-B 

fd - fl.ff, fe^ 0.*, t'* ff . H.B, fh^* 8-» 
Final valu«: v f = ^003.3 



«-£*" 



CDP6-I (c__i'd) 



fe 




hfma 



Sm* a_ 9-14, «c^pr k_ Cf* = 4.5 x 1(H 



From 






*F(32) 






A^? 




k i Cxo = L05 x IQ-* 




k 


* Chj = 1.3ĵ x I0- 1 




ĴjHti Cto _• 2.4 


x 10-2 






D + G->K + C 




dV " 


«Mgjf. 


« 




av _ 


*tBfc) 






_&_, 
5? 


*(W< 


' J *_9W**'««*H 


dV 


.o, 35 (Ec].. 45 


IBtt 





*-*? 



CDP6J (coaVĜ) 

d(fa)^d(v) --.B4*fa*(fb^ft)«.5^ft 

dCfb>^dN) --.SZ*f*«(fb/ftJ **.5^ft 

dCfc)/dCv) -.04*fa*(fb/ft)**.5^ft-- 

d(fdQ^d(v) -.00*7S*{faxft)**2-f> 

d(fe)/d(v) -.&2l*(fc^ft) 

d C f s) ^d (v) - . 3 1 35 • (fo-f t) -p 

d Cfh) ^d Cv) - . 01 35* ( f CS f t) 

dtflO^dCv) -p 

f t = fa+ fb ♦ fc* f dt f*+ f _+ fh+ fk 

P-.45* <fd/m*(f_yft) 

Initial values: * g = 0.0, Ca g = U.fM, 
fd f = 8.B, fe^= 0.0, fa F = 0.0, fh a =* s, 

Final value: v f - I00J.0 



.31351 (faxft)**2 
024* (fo*ft) *p 



fb F - 5.0000. fc^= 0.0 
0, ffc 3 - 0-B 



f« 



fb 



0.0 


la.aaa 


5.010)1 


0.0 


0.0 


50*000 


a,53S6 


4,6329 


0.7847 


0. 1394 


100.00 


e.0836 


4, 3009 


L,28S4 


0.2580 


tsjj.au 


7. 2350 


4. 0028 


1.7540 


0.355S 


2 5JS.03 


&.53Z6 


3.7369 


2, 1248 


0.4327 


250.00 


5.9672 


3. 5003 


2.4123 


0.4839 


:ff.jiE 


s.42aa 


3.2905 


2.6313 


0.S2S3 


350.00 


4.9S79 


3. 1046 


2.7941 


0.S433 


4*0 . 90 


4. S4S4 


2.9396 


2.9101 


0.5486 


450.03 


4. 1333 


2.7931 


2.988» 


0.5366 


500,03 


3.8645 


2. £626 


3.0347 


0.5165 


stKTnĵ 


fa 

3.S645 


._ fb 
2.6626 


fc 
3.0347 


fd 
0.5165 


55J.00 


3.5S26 


2.5461 


3,0555 


0.4891 


610.00 


3.3325 


2,4416 


3.0549 


0.4567 


650.00 


3. 1096 


2-3479 


3.0366 


0.4214 


7*0,00 


2.9I0I 


2.2630 


3.0036 


3.3843 


75ff.aa 


2.7309 


2. 1863 


2.S5B5 


0.3482 


300.00 


2.5692 


2.1166 


2.9035 


0.3L26 


850.33 


2,4226 


2.0530 


2.3406 


0.2787 


900.33 


2.2393 


1.9947 


2.7713 


0.2468 


950. 33 


2. L677 


1.9413 


2.6972 


£.2174 


:30a.3 


2. 3SŬ3 


1.8921 


2. &L94 


2. 1906 



& -70 



CDP6-J(coDt'd) 



- tb 



l - fc 

* - f d 

3 - fe 

" - ffc 




- 7/ 



$ Have to de-enniije best tcmperature. flow rate of p»pylcne and «hich 
reactor systent- Start *ith both mote balances: 



Nett. do (he rate fcWS 
tjS-k^C, &■■- 
F, = k : C ( C r ' 

F^iillj 1 , the sttnchionictr/: 



k,C*C p - k I C ! C? ii = it^cĵc, - k&Cj 



To Gfld ideal cojiditioos. us* onc of tbe teactors to find thc ideal tempcianue and tne 
ideal eniering flow iate <rf pcopyle&e, Like tbis etample using the PBR: 



difir/"d(MUfitf**£ 

diip)/ite*-Jp!=rp 

d(fd)/d[t*up)*rd 

d(KH-/d(Saup).rtj 

Tt=230 

kl^Ĵ .7leTexpl-7190/T) 

k2 = 3 . 7*7 *exp (-10000 /Tl 

rb*-kl*eb".s*fp 

rp..-kl-fb-.9*fp-k2*£i*.Wp'.a 

rt=ki*fb~ .* "f P-iJ 'f i-.5*fp* .9 
eaup ■ o, t«up f , lB ^ os 



Jl 




?i»a*« 

31 





7.5e-07 
13-416* 







11.SS34 





11.5531 


li.fi 




1.SMM.-0S 




*.o*Sfi:« 


2.S09D3B-0S 
0-O4fi6103 


200 




200 


2S0 


200 


3.9S4?htv- 


61 


J.J54»B*-09 


1,35-1*«*- 0? 


3.1<4»4>-0? 


7.1Ĵ«7a- 


LS 


?.1S63**-1S 

3.soe2'a-i2 


T.lJ53Te-15 


7.l3fiJ7e-lS 
3.505834-11 


-9.11201= 


-t>7 


-1.13206e -59 


*.$ .!$43*"*-*7 


-4,13206«-OJ 


S.442B1*- 


07 


».14231e-07 


4.1'17t*-99 


1.13L11H9 


-J. 142-01* 


-o-) 


«4. 13-341«- 09 


-"s.4*ipi«-Q7 


-ŭ. 13241.-0.9 



*-/'* 



CDPtf-K coofd 

The best temperaturc is 200K and the f!ow ratc shoutf bc 3 1 mol/s or 2678 kg 
™[/day. Tte r' fouad fbr tfae PBR is 7.5* itf. Using the CSTR with the Same 
mimbers it is found thaL the x" found is 1*1D !I . So the PBR « better. 



filtiis-i-taup-fi 
*tfdt«rd*eaup-fd 
ftw=U.£ 

tflup«lai2 
fpo=3l 

U-3.74ft4*KKp(-7390/T) 

^-3 .7e7"axp(- lŭŭ00/T j 

rd=.Jt2*fi-.5*fp-, S 

Pb--kl*fb-.3*£ p 

"P-kl*fls- . Ĵ-f p-k2 *£ i* . S*fp 

r i^'fb-.3*fp^*fi-.s-fp- . s 



Inicial. value 



O. 14?£54 




2-29(*-];5 


13.0934 




2.P9?e-15 


11. 1141 




1.0le--15 


0.333229 




3.347e-17 


11.6 






1&*12 






31 






200 






3.35438e>- 


12 




?. 1363?i?- 


15 




M.H523* 


1 1 




3.3922S&- 


'.3 




-l.l90<S!Ĉe 


- ; ^ 





^OĈOOOeKpf-^jp^ 

Noticc the scjecti vity is completdy independeut of the pressures ol tne two reactacts, 
tŭemfore, the reactor could be either a PFR or CSTR wfthout changing the selectivity . 

AiT = 450=C S DU = 6.76 

AtT = 350"C S D ,= L9 

So. thc temperarure shŭuid be at 450X tn order to ma.timize fe se(ectiviry. 
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rnp6-N 

a) 



To determine which teactions are necessaty, make a matri* out of the 
reactions; 

" 1 -1 1 1 
-l 1 










Reducing it gets this maŭijc: 
r -\ 





L° 



Q 

-l 





1 1 o 

-1 -1 1 

I -1 









0" 




1 
1 
1_ 

0" 


1 



-1 I 





Tterefore rcaction 6 can be ienored 

b) l) In a packed-bed reactor, thcse are me mole balamces: 

AMf T 



dW 

Sk- 

dW 

dW 
dlw 
dW 

&. 
dW 

dW 
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CDPfi-N confd 

Tbese are the rate laws nsttkd 

-t,P T P. 



. - -fc|P T P M -lt J PJ^-k.P..P. r .. 



Stoichioaretiy: 



. fc,PA-kJ„-k,? t .R- 

. L _-fc i P w -fcJU-k.P. 1 R- 



%fr = 



„- k ^^¥- 



dW z 1 

J^, -M ; FrF H -k,A 3 F„R,-1c.A^, r F r 

ŭw ~tF~ — — 



^E = fc A I F- r F M -k,AF„-k.A i F „F r .. 
dW p"^ J 

J5tt,fc a Afi fc -fc 1 AJU-k^F..F, n 
dF^^kAF^ 

2?™. = ^A 2 F w F pr + k.A i F„R., 

dw Z = " — 

uito POLYMATH gets the foljovring giaphs- 



i - fsr 



CDP6-N confd 



CDFizE 



gtjiiatiOfls: 

fi(£e)/d{w)=rt 

d(£aO /d(w)=on 

c(<fpx) /d(w)*rpx ' 

dtfmx) /<ĴS(w)nnBX 

d(fox}/d<w|=rox 

d(fcmt»/d(w)=i:=ab 

Stl=3.9 

*=! + ;}. 3».0lS7-£px+l3. 6*. 01S7*fjBX+3:i.:j*-ai67-fox+2l5-.0l67*£t. 

nb 
k3=,9 
k4=1.2 
k3=2.3 
kS*X4.5 

re=-ki-- 0167 *£"<:■- 0167 *fin/z"2 
t ox=k3 * . 1 67 * £mx / 1 "2 

rarib= ( fc4* . 167 - fm* . 0167 * £px*k5- , Ol67*fm* . 0157» £«x) / e"2 
cw ( -kl* - 0167' f t* - 0l67*£m-k4 * . 0167 * £m» - 0167 "£px-kS* . 0167 *f m*. 

.0167-£nw)/i"3 
rpx= (kl* - 0157 " £t * - 167 *£m-k2- . 0167*£px-fc4* - 0167 * £m* . 0167*£px 

)/i-2 
rnD{i.(k2*.0 167 ■£ P x-ki*.01S7*£n«-k5*-{]LS7*£ni-. 0167 *£n»x)/z-2 

spox= i f ( tqx> ) chen ( rpx/ r ŭx ) els e ( ) 
sp-mb=if (rtmb>Q) theft(rpx/rtBiii^eIsa(0) 
sprox=if (ruBoOl chen{rpx/rmxl else (0) 
w * D < w f = 10000 



Initial valu* W r *a. 




-I 



£-7£ 



• 



I CBFiJf «rafd 



u 



r ,r " ra i 





5 I"? 




k 
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CDF6 N cont*d 

2) In a CSTR, these are the mok balanccs: 

F--F T --r T W 

F«o-F M — r M W 
F px - r nc W 

^«>__# 
F __ = r ox W 

Tbe raEe laws are the sarae _ the packcd-bed and so iŝ the 5toichio_Ktiy, cooibinc 
allof those; 

Ft,-F t = ^^W 

p„ _ JEi__M_____k__Ei__3_k w 

F _ a_ĵ_s z>a____i ~ ^ sA FmF^ _ t 

p =_MS_. W 

_ fc ,A r M r P v + k«A F M F U _. _, 

F™_=— -; j M___ W 

Plugging into POLYMATH gets the followi_g giaphs. 
Mofar flow rates vs catalyst weigM 



Z5Ŭ 


[ 










H 












E20D 


• 

a 






















_ 




£ 








BfM 












f 






- 


















S 100 

I 












SD 


(*-* 










■, 




. 


i 






( 




5000 


toooo 


isooo 


200 



eatat. st wefght. g 



CDPfi^ 



<i> -7? 



Ct>H-fi coaVd 



fi~nb2 
Equar.icnia : 



f (Ca) -fm-f3w-r]n*w 
c<fpx)=rpx*w-fpx 
Wo*>*rex-w-£ew 

*< fffl* )=-«**- fmx 

([£tmib)=rcjnh*w-£Eaih 

(to=300 
w=2aooa 

fffle=ĴOO 
Kt£3.> 

k2*.9 

BJN*v45 

^kj*.0L5?*Cnot/ s -2 

■?.■' m^;^r fra *" 01S7 ' f= " k4vol6? * £nVflie7if ^*- < ^ f « 

iptab^ipK/rtaib 
.J^K-rpag/rnK 



Sefctlvftv of Px to OX v* *ata|y« ^^ 

TOdO i _. 

«JOO f 
5O0O ! 



3*000 : 



150 
150 

100 



!O0(f j 
1000 I \ 



s°d° ioooo 

C»tafysf VVaJght, 9 



<w? 



CDP6.N contM 

Selectmtfes of PX and MX and TMB vs Catalvst 



!_" 



5000 TOOOO 

Ca.a^st irelght 



15000 10000 



c) Changing chc ratio ©f Toluene to methanol finds tbe masiimim of PX occurs 
at a ratio of 1 .5 to l- Changing __c CoDcentration of the eateriag (caanging 
A)str__m fmds that tne coacentratioa o fPX incfeases as thft totaj conccntratjon 

incrtiises. 



Finding thc maxi_nun_ of MX works the same way and ___ ratio i_ 1 .61 to 1 and 

agaa higber concenttatioii vields more desired product. 



"-* 1*5 

!'..!...-- 

'■' Jd_..Ij1 '-. 


.:... 

:'•'. 
















._5 - 


Hl 1 












*Ti_ 


-^r 7 





...■■■-: 

1 "«>.»_* 


_ . .?.: 

"■ 






















?___ 


— _H 



















ĉ-ff* 



I 



cpp*-rc coofd 



d) Increasing the temperarure show 5 tha: the 

now about U4 to l at 675 D C. Ljctsas 
flung n just makes e ven more f the product 



aid i, r,ow about I 14 to [ - 675°r 7~ ~~ ~" T* * ^**^ PX ^ ■**• 
&* it ittt ^^iiSS: ****»»* * e «*nperatuxe does the «*» 





No solution wilj be giv^j. 



, F A -r A W =* f i [c /v } = C A -r A T' 
F B -r a W => KCJ^C.-r^' 









BS?i f" ? U ,° Wmg K*™*™ Progmn. Va ry Tand plot fe 
1 « the «S^ Ĉ ^ Sta^; V ^S thc ioitid conctntra^ns f P aad O 
"* sckca vity qf ^i^ is i ndependent of ^ fced eompositio|1 . 
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CDP6-Q (eoQt'd) 

EguationSj_ 

£ ( cp ) = cp-cpo- rp* tau 

f (ca) sC<J'COO-C8'taU 

f(ca)=ca-ra*tau 

£(cb)=cb-rb*tau ° 

f (cc)=cc-re*tau 
epo=0 . 3 

tau=l 

R=S. 31.44 

T=90Q 

S=c«/ (eb+cc+le-lO) 

kl=6SS * e*p ( -7 7500 /R/T ) 

*2=:i . 5e-4*e*p{ -1312 /R/T) 

fc3=32-B*exp<-72M0/R/T> 

ka=;4e4 * e*p ( - 8 8000 /R/T ) 

ral-kl'cp*co**(l/2)/(]«*co**(l/2> + (lcl*0/3!*k2+(l/2rW)* 

cp) 
ra2=fc2*cp*co** (1/21 / Ow*co** (1/2)+ (kl+(9/3) *k2+(3/2) *W) * 

ep> 
ra3=k3*cp*co*-(l/2) / {ka*eo-- (1/2) + Otl* (9/2) *Je2+{3/2) *X3) - 

=P) 
ra=ral 

rb=ra2/3 ^ 1W - ^^_ . L '^7^f~" .% 

rc=2/3'ra3 

tp= - cai - ra2 -ra3 « -3<ij."<vr i. ■+*»-; 3 

ro=-ral-2/9*ra2-4/3-ra3 *S f"* 



laitial valua 

ŭ.i 



Probler. 
P7-3. 
P7-4. 
F7-5. 

P7-6. 
P7-7. 

P7-3. 
Lt Problem 

*7-9. 
! P7-I0. 1 




i P7 " 11 - ' 

hf-u. 1 

f7-I3. ] 
C 

>7-l4. F 
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grd Edition, Solution Manual, Chapter 7 

Chapter 7 

P7-1. An open-ended problem that requires students to «eate and onginal 

problem and solution, 

F7-2 "U^hat if. . ." probkrn. Part (a) is usuallv assigned because the student can 
load the living examples E7-2 directly on to the computer and determine 
when the PSSH FAILS. Also ask the students to plot the concentranon of all 
intermediates a function of rime. 

Problems F7-3, F7-4, P7-5, P7-6, F7-7, and P7-8. all involve the PSSH. 

P7-3, Is usual]y assigned m the graduate course. 

• P7-4. Is the easiest of the PSSH problems, Good reinforcement of PSSH principles. 

P7-5. Requires some imagination to reaUze there is an intermediate NO s that is 
formed. 



I P7-6. Fairly difficult problem. 



P7-7. True problem concerning motor oil degradation. At the undergraduate 
level only parts (a), (b>, and (c) are assigned. 

P7-S. Just for fun. 

Problems F7-9, F7-10, P7-11, P7-12, P7-13, and F7-14. are problems concermng 
enzvmatic reactions, 

P7-9. Real data supplied by General Mills. Somewhat open-ended. 

%j, P7*10. Good graduate level problem on enzymatic reactions. There is an 
inconsistency in the journal article. 



K^F7-U. Srrajght fonvard problem to cakulate V^ and K m . 



I P7-12. Involves enzyme inhibirion. This problem is actually solved on the CD- 
ROM Professiortal Book Shelf material. 

*7-K. This problem on enzyme substrate inhibition b often assigned because ihe 
CSTR has mulriple steady states. 

' P7-14, Fairlv srraight forward problem to calculate V max and determine which type 

of enzyme inhibition is occurring. 
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Problems P7-1S through P7-23. involve polvmerization and are currently only 

assigned at the graduate level. At the undergraduate semor level one might 
assign F7-17 and/or P7-20. Most problems are qmte long. 

F7-24. Straight forward remforcement of Monod kinetics m a batch reactor. Fairly 

short problem using POLYMATH. 
P7-25. A fairly straight forward, but time consuming, problem to plot the data. 
P7-26. Straight forward problem using POLYMATH. 
F7-27. Very short (Ca. 10 min.) problem. 

F7-28. This ptoblem shows an important application of biomass ta the &*&& 
industry. That o( batteria profile modificatio* (BPM). Fairlv taat 
consuming yet realistic to piot and ana!yze all the data. 

F7-29. Very short problem to reinforce the principles of Monod kinetics. 

F7-S0. Fairlv straight forward new (1997) problem using ^^j^.^^Z 
should be asked to go bevond what is asked in the problem statement tj 
carrving out a parameter variation and sensmvity analysis, 

F7-31. Shows the application of bacteria growth to degrade toxic chemicals. The j 
problem is somewhat open-ended. „i„ Ji** ; JI 

P7-32- Straight forward problem using POLVMATH. Could abo ask the student 9 
do a sensitivitv analysls. 

CDP7-A Altemative to P7-5 and P7-6. 

CDP7-B ALtemahve to F7-6. 

CDP7-C Altemative to P7-13. 

CDP7-D Fairly straight forward. 

CDP7E Assigned at the graduate level. 

CDP7-F Seldom assigned. 

CDP7-G Advanced problem on bacterial growth. 

CDP7-H Not assigned at undergraduate level. 

CDF7T Assigned every so often. 

CDF7-J Fairly straight foward. 

Summarv 

p.7-2 



Ly ordy 












Solutiort 


e might 


P7-1 


Aitfjgned 


Alternates 


DifficuHv 


Iim* 


Given 
No 




• P7-2 






SF 


70 


Parfial(a) 


r. Fairly 


• P7-3 


AA 


4,5,6 


FSF 


50 


Yes 




P7-4 


AA 


3,5 


SF 


40 


Yes 




bJ • P7-5 


AA 


6,7,8,A,B 


SF 


30 


Yes 


kte. 


P7-6 


AA 


5,7,8,A,B 


FSF 


35 


YCS 




F7-7 


A A 


5,6,8,A,B 


FSF 


70 


Yes 




P7-S 


AA 


5,6,7,A,B 


SF 


20 


Yes 




P7-9 


G 




MP 


60 


Yes 




P7-1Ŭ 


G 




MD 


45 


Yes 




• P7-H 


AA 


14 


SF 


30 


Yes 


troleum 


P7-12 


AA 


13,14,C,D 


SF 


50 


Yes 


v tinw 


P7-I3 


O 


12,14,CX> 


FSF 


45 


Yes 




P7-14 





12,13,C,D 


F5F 


50 


Yes 




P7-15 


G 


21 


SF 


45 


Yes 




P7-I6 


C 




FSF 


75 


Yes 




P7-17 


G 


23,E 


MD 


9 


Yes 


studenl 


P7-1S 


G 


19,22 


MD 


90 


Yes 


rnffii ty 


P7-19 


G 


18,22 


MD 


60 


Yeĥ 


P7-20 


G 




FSF 


60 


¥as 




| P7-21 


G 


15 


FSF 


75 


Yes 


Us. The 


' P7-22 


G 


19 


MD 


90 


¥es 




. P7-23 


G 


17 


MD 


90 


Yes 


ident w 


■ * P7-24 


AA 


26,30,32J 


SF 


40 


Yes 




K P7-25 


O 


2S 


FSF 


60 


Yes 




P7-26 


AA 


2430,32,J 


SF 


40 


Yes 




... ?7Jn 


O 


29 


SF 


40 


Yes 




P7-28 


T 


25 


FSF 


60 


Ycs 




P7-29 


O 


27 


SF 


40 


Yes 




P7-30 


AA 


2U6,37,T 


SF 


30 


Yes 




P7-Ĵ3 


G 




MD 


50 


Yes 




P7-32 


AA 


24,2630,J 


FSF 


60 


Yes 




k CDP7-A 


AA 


5,6,7,8,B 


SF 


40 


Yes 




" CDP7-B 


AA 


5,6,7,8,A 


SF 


40 


Yes 




CDP7-C 


A A 


12,13,14,D 


SF 


50 


Yes 




CDP7-D 


AA 


12,13,1 4,C 


FSF 


50 


Yes 




CDP7-E 


G 


17,23 


MD 


60 


Yes 




CDP7-F 


G 




MD 


75 


Yes 




CDP7-G 


O 




MD 


60 


Yes 




CDP7-H 


1 




MD 


70 


Yes 




CDP7-1 


o 




MD 


60 


Yes 




CDP7-J 


AA 


24,26,30,32 


FSF 


45 


Yes 




4a&igo£d. 













= Always assigned, AA = Always assigii one from the group oi aftemates, 
= Often, 1 = Infrequently, S = Seldorn, G - Graduate level 
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Alternates 

In problems that have a dot in conjunction with AA means that one of the 
problems, either the problem with a dot or any one of the allemates are 
always assigned. 

Time 

Approximate tiine in minutes it would take a B/B* student to solve the 
problem. 

Difficulty 

SF - Straight forward reinforcement of principles (plug and chug) 

FSF = Fairly straight fonvard (requires some manipulation of equations or an 

intermediate calculation). 
IC = Intermediate calculation required 
M *s More difficult 
OE = Some parts open-ended. 



Vote the letter problems are found on the CD-ROM, For example A = CDPl-A. 

Summarv Table Ch-7 





FSSH 


Enzymes 


Por/merizarĴon. 


Cell Growth 




2(a),3,4,5,.6,7,S 


9,10,11,12,13,14 


16,17,18,19,20, 
21,22,23 


24,25,26,27,2« 


Open-ended 


2(a) 


10 




31 


Straight fcrward 


4,7<a),(b),{c> 


11 




24,29,30 


FairlvStraight 
Forward 










More Difficult 










Parameter 
Variation 








Jl 



p.7-4 



Chapier 7 



F7-I No solmion will be given. 



P7-2 



(a) Use the same POL YMATH program as Exarnple 7-2 wj th che appropri ate 
temperatures. Generate thc fol!owing graphs: 



2,ODC 3.ŬGG 



For T = ]5QO K, steady-sta[*; is not reached, so PSSH is not valid. 



?C«:»r ;i3 L3 -~c — 



For T = 2000 K, sicjiLfv-state is rtot reached, so PSSH i< 



7-* 



P?__ Buming 



3 — » ZO ■ 

O- * H_q_>3_H ■ 

CO- tOH • — >COĵ + H 
k* 

H ■ - O, -* OH ■ * O ■ J 



H Cl 1- H • -^ H 2 + CI 

k* 
H ■ - Cl ■ -» KCl 



Buming of Modei Compound 



rco - r COl = k_ (CO)(0H-J 



r . = = 2k, (O.) - k 2 (0-){H_0) + fcj (h-J (O,) 
ihen 

^, ) _ 2k 1 (0_) + k,(H.)[O_1 
k_[H_0) 

^oh. « - 2fc_(O)(H_0) - k_ (00)(OH) + i_ (h-}{0_| 
ihen 

f OH . ] _ 3k t [Q-)fH 2 O)4-k_fH-)f0 2 ) 

* '" ""McoT 

s_bsriiu_nefor(0 , r 

_^(^^™^^(H-)(0,) 



(OH.) = - 



MCO} 



fOH- ) = 4k ' (Ql> ____________ 

' k 3 (CO) 

-rco = f C o 1 = kĵ(CO)(OH-) 



■rc_ = 4k|(0_)4.3k_(H-}{0_) 



r H . = kj(COKOH-)-k J (H.)[0 : )-k j {HC[)(H-J-k 6 (Cl-KH-) 
r_. = = k s (HClj(H-)-k«(H-)(a-) 

7-6 



P7-.3 (cont/d) 



1=4 



U_= %J lOt^* ^ (OzJ . fc , (HC [J] (H ■ ) f 



a + *Q. 




rr 



^ĥfft)..*,^ 



^ 



- 
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P7-3 (confd) 



:co = -[4k 1 (0_)^ĵfc 4 (H-}(0_)] 

= -a-p(C H .)- 
= . a - p [1 _bi . lj 



i = C_o = Cco.. 



a = 44,(0,) 



Cco = Cco. 



- _ t . p JL e b. * p[ . 



Reactŝon Pathway wil»i HCL 




S GID p^ipfei r^n 



EZd The r;aciion sequence is: 

CHfHO—^CH^ ■ +CHO 
CH, +CH i CHO~b->CH 3 ■ +CO + CH, 
CHO- +CH£HO—^ CH Z +2CO + H^ 
2CH 3 -^C^Ht 



7-7 



n = k t C AC 
?Z = fc* C AC Cch,- 
|"ĵ = fcĵ Ccho* C A c 
r4 = luC,H_ 



P7-4 (coofd) 



= C* c [k [+k2CcH; . + !(jC £ Ho _i 



■rcw, = -r, +r5-r 2 -rĵ+J-r =0 

= -k^ +kX AC C C!iy - ^C^-^C^+lk^ 

■^o-^-r 1+rj = - fc[ c AC + kĵ C CH(> C AC = n 

: Kj C *- + k * Ccho. C AC = k, C AC * £ CaC - 2U C AC 



^Cch,.- 2(C AC p(jSLJ Irt 



-i,C AC il + 



r 

.jj 
1 



i 



-^ = C c U + 2^ĵ(c c )=+|j 



(i) 



(2) 



(3) 



-ii+-^VcT+^ 



^CH 3 CHO 




C3M 6 



7- 9 



EM 



GiLS phase reaction 
2N0 + O,— 



+2N0 2 



with third ordcr kinetics and an apparent negative activation encrgy. Consider the 
following meciianism, in which NOj is an active intenncdiate- 



N0 + 7 ] — ' MJ, 

-'w = -'i- r 2 

= -^[MĴĴOj + *_,[/«*,] - klA^f/TOj] 



= ^[M?][0_]-fc_,[M? 3 ] 



v> ° -MM?M + (*-i - ^E N °]) 

k_,+k-[N0] 



^+^NO] 



k^ + fc_[JVO] 
Jt_, » k^NO] 



-^=-^[^f[o 2 ] 

Forthe overaJ! activation energv to be negative, 

=>£_,<(£; + £.) 
As long as all energies are positive vaiues. 
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EM Gas phasft neaction 



2NO + Q z _* 2N02 



^^^^s^r^^^^^ 






n-k^NOlfOz^k.^NO^ 



NQĵ + N0^2NO> 

^ = k 2 [NO][N0 3 ] 

*»-**$* -fc! fNOKOj +*-„, [NQJ . k2 [NOICNO,! 
-rNO, ^ - r, - r 2 = kl mm . kA [NOi] . hm ^ 

orfNOjl = kiCNoiro^: 

' kT+l^NoT : " rw * " k ' LNOj [Ojĵ + (fc i - & [NOl! JiLMlPi, 

fc-i + kj[NO] 




tTTk^oP w >* k -i»:*2[NOj, r„ = -aki^fNoPrgi 

%m m (ĝ) m« r<* dig o^ai fe^ cnerg> . tt te neg3tive< 

hfkk) - -Ei + E,-E., t A 
Ik.J RT - Eov<0 or E !+ E 2 >E., 



^ Giv C , dccor-posidon of 3 in «n inm g^ : 
ro,= 

^Majtf 3 zpp& j n tJie dcnorranator, «#£ Specitt 5U - CS[cd B O 
A My.ng ruie 3 of sbte 7 . ] ro o : and Oj: ^ * ° 

O3 + O -, 20 z 
O3 + O ~>Oj 



7-// 



P7-6 (cont'd) 
O3 and M appear in the numerator. Applying rule 1 of Table 7-1 to 3 : O3-* 2 + O 
If the second and third equations are combined, and M is added to each side of the 
equation: 

M + O^^lO^+O+M 
0> + — k -^20 2 
A mechanism is proposed which satisfies all the rules of thumb: 

\ = -', + r 2 -r 3 = -K[M\O i ]+k i [0 2 l0.lM]-k i [0 )[O 3 ] = 
r Q . = r x -r 2 - h = ^[MfO,]- k 2 [0 2 \0 JM]- ^[Op^O 

^ *~ k 2 [0 2 \M]+k,[0,] 

_ -k, k 2 [M? CO3I m + k, k 2 [Mf [O3Ĵ [Oj - 2k, k 3 [M] [O3F 
°* k2[02][M] + k 3 [03] 



L [m][Oj] 2 



• and k l = p. 



E2_2 



ko 

(1) I 2 -» 21- 



(2) I« + RH -► R.+ HI 



(3) R. + O, 4 Ra- 



(4) Ra« + RH -4 ROOH + R- 



PROPAGATION 



(5) RO,. + RO,. ^INACnVEPRODUCTS 



LOWTEMPERATURES 
NO ANTIOXIDANTS 



j>- TERM. J 



(6) ROOH -* RO- + «OH „_ .___. 

tNlTlATION 
kp. PROPOGATTON 

(7) RO« + RH -► ROH + R« 

(8) «OH + RH -» HOH + R- 



7 - /* 



Pl-7 (confŭ) 

LOW TEMPERATL^RES - wo AHnOXIDA*T 

-£-=■*=-■ 2=0 teJ-ki[I-J[RHj 

<RH] 

-4 ts[l-][RHj- ^[ROj.ĵfRHĴ 

-5— = k * M CPaa ■ fc^ [aOi*] [rhj - k, [ROj.p 
-ĵT = -5 fRHJfj.] - kp 3 [r.] [oj + t^lKOr] tm 

diJADiOĵjs] n 



CA) 
(O 



- I [I-J 



kjRH] 



4M 



^- = - ^[RHJCl.ĵ-kp^R.JfO^J + ^iR^^RH] 

T 



Ej ^teJ^kp,;RCh.j[R H^ 
J 7 fcMOd f :ili 



iUnetdiodimin^eiRO,.- 

— Z2S» I 

cU ~ ° = k "-. l R 'Ĵ [OaĴ - k|> 3 [ROrJ [RHJ - k. [BOj.? 
^tibsŭtuie for[R>] : 

Ĵ^flsJ-kjROi-r - 



^^^.p^ror^^^^iM ^^^, 



*&HJ 



„|' 2k [E a ] 1 

"IMRHJ," 
i 

[I-J 



|[RHj-k P , 



[2fc [|jlH 



"[RHJ 



^M^f^fV^H; 



7-/J? 



P7-7 (confd) 

fc = k:[RH][f.]-kp,;R-l[Od + k P:( :R0 2 ^LRHj (same) 

rfA-- 

ag* « k A1 [AH][ROrJ ■ kAifA-ltRDj-] 

■^ = -k i [I.](RHl-kp : fRO,.];RH] 
Apply PSSH: 



« : 





n.i - IMI^ 

L J ~ k,[RHl 








[A-] - *^ 





di 

4AJ 
di 

ggt., 

^~± = ^co [f 2 ; ■ k : [ROr ; : - 2< k A i [AHĴ[RQr]) 

■'■ " fetJKtrp- 2k A1 [AH][RCh-J - Zko [Ij] = 

k, [ROrF+ (2k A] [AH])[ROr] - 2ko [I t ] =0 Ouadradric in [RO^J 



r R .l - 2kflCl3l*kp.[R03'i[RHl 
kp,iOĵJ " 



[ RQr j = - 2k A1 (AH1 ± V(2fc A1 [AHl? + Bfc, fcp[^1 



■!k. 



[ROrjMUSTbcpositivf 



Now ~~INALLY!). let's substiiure insio 
^ = - ki 3*) [RH] - k Ps [RO^.] [RH] 



dfRHĴ. 



im 

di 


-k AI [AH][R02*] 


- i< i , r - hi * 2fc *' r AH1 + Vf2J ^ f AH ^ + s *< ■* f W 





4M = . 2ko[Il j . kPj [RH] -^i[AHi^v(a tM [AHy + 8k,k l ,fl a 



7-/4 



P7-7 (cotifd) 

ODEtobesolved- low usmperaiures. no ancioKJdant: 



m-mm* 






tIi| t/2 [RH! 



HIOH TEMPERATURE. NO ANTIOXJDA^rr 

M , r. t 

~^ - ^n*J-fcp 5 ;RO : .j{RH]-k Pi [RO.;[RH;-k P ^0H-][RH! 

P$5A 

^"toollu -k : [RHj[l-] ■- 

~1T~ = kp ' [0 ^ ^ " W&0:-] [RHl - k r [RO,f 

J - ki [ I ^ R ^-^.[^[0^-kp : [R0 2 .][RH!.) (Pj [Ro.:[RH].k Pi tOH.;[RH] 
<R0- ' , . 

^ĵp - ^[ROOH]-Jt Pi [RO^RHl 

tfOfi.5 

^p - k ijL R0OH: - k^rOH-j-[RHJ 

fcuSEPSSA: Ĉi, o 

di 

Rsoo _ 



r R0 .: „ fc^[ROOH. 
k Pt [RHj 



* = ° - [ R *] = ~ H [m * kp ' f R ^rRH- + kp. fftp.1 fRHl + fa, fOH.l ,' B H1 



01 r" " fc P ,LRHj 

dtRO, -1 

Substitute for [R ]: 

* 8$ J+ ^ E^IBSJ f *„ [CW \RH) - k t [RO -f 

tiovt substitute for [ROJ and [OH J: 

* 2fc [/ 2 J+ ^ [ROOH] + ^ [ffOOff J - i, [«$ | 



h^ĵ^SEES 



34 [ROOH] 



f- ItT 



P7-7 Cconfd) 



« - *»£. - 2UROOH1 " K.[RH][^k^OH]ĵ U2 



Now let/s look ai 

5rooh; 



kp.rROiviRHl-k^fROOH] 



.::,..;-.. =■ 



k P ,[RH; 



2k jl a ] -f 2k=, [ROOH]] 1 ^ , rR 



Retnjcmfcer, we aiso have: 

Now, lct'5 look ai ihe iiniaJion with anti~oxin:in:s prescnt: 
LOVVTEMPERATURES WITH ANTI-OX]DANTS 
Addicnnal rtactions: 

(9) ROr + AH -* ROOH * A* 
k A 2 



(10) A- + RO;- 



6 products 



EquatĴons: 

^^ = « [R IO,]- fc. [*0 2 -J -K\RO, lAH]-K [A IRO, ■] 
dt * 



T-H 



; r 



P7-7 (confd) 

HiGH TT-IVffERATURES WI7H ANTlOXiDANTS 

dt |- J k,[RHJ 



dTROl . I 

■*gr*»P !-^iitRooHj-fc ĥ [Ro-?mH) = Uo.i = k ^i R QQHi 

* k Pi [RHj 



fcp,'[RHj 



tfOH-1 | 

^^ = = fcjROOHj - k^RHjfOH-J ^OH-J = MROOHl 

dR-1 

dr - WHiW-i^Cft»IIOsJ*^t»arKftHl+ k Pi [Ro.![RH] + k Ps [0H.i!RHj 

dTRO-J 

3feE 



-^ = J^al [ahhrovJ - k A1 [Ro,-];A-j 

Applv PSSA: l?d * 



[**] - ^^I- k p.rRQn.irftHi^, fP ^ 1 ppr IL _^ nn ][rrn 
i^rod ~ — *-■ — ^^ 



te- 



r A ,j = fcA.fAHjrRO,.] 
kA2[R0r] 



No^iubaitBie imo ^°zl e3ipressii 



k A1 JAH) " 



^AZ 



[A-] 



^P^^fRO-) [ RHj + , Pi [ H.J[RH]-k 1 [R^-2 i i tA1 [R^J[AH]) - 
^[l^^lROOHjj-k.tR^^^rR^JCAH]) - 
^[^.^.[RO.-JfAHJl-^koffJ^^RooHj)] « 

2k; ! — — 



7-/7 



P7-7 (confd) 



[ROr] - -- k Ai AH3 * Vjfk A! AH]) 2 - ak.:k [M - kjROOHll = 
2k~ " ' 



>fow finattv. 

-ĵ^ = - ki[W(RHj - k^ROrjfRH] - k Pj [RO-] [ RH] - k P| [OH*]iRH] 

^jP* - %[i.2Ĵ- &y[ftqoai - ^; D H; r- k ^ ^ AK! + sSŜŜa] - AH ^ t sfcfofo] + fcJRobHii ? 






4ah; 



^ ■ -*Mi"AH;[RO r ] = ■v. t >»ij -^: AHl+V^, f.AHlp - Skfkpflj ^fcjjROOHT J 
' L 2k ( i 

dfROOH* . ,, , 

"' dt ' = kp =^ R °:*: - RH ) - ^ [ROOHj - k AL [ROz-] [AHl 

ttfROOHl 

^ dt " = " ^VlROOH] + (kf. ll r RH r :-:RH] - k A1 [AHJ! [RO r . 



JROOH] 



'-£-*■ ■ - k;, [ROOH] + {kpjRHl + k AJ [Mi)\ ' 2 * A] ^ AH} - ±^±u jAH}? * Bfcjkj [IJ + fr, [RO0% 



?-/* 



. 



*** Giv e n:m nc5Srnccha(iism 



r! = k[ M &>mm*p*iQ 

1 + H -+ 21 r : =, k, [Hj [1] (h«Iih y pcrsor, cor^s 

Jc 3 ^"^«ftomiJlpersonj 



Jf-*J 

*2 



i-»h 









(111 persott gess w e ]]) 

(11] person di*s.) 
ro - k* [iĵ 

Appl^ P , e , dŭ S[cad> , S!3tc hypo[hes . y IO l: , = n + ^ _ ^ ^ ^ q 



ar [HJ - 



lc* *IC 



^— thed eat h TOcbe , 0me _- nf _ nitc 



«* o« be «slecad. * KlCh «^* ^™ ^" *n= sa ŭaf ri* fcnh 

£T_2 

4 Starting with tte desi^ «p^ for , ba _ ch ^^ 
^f =/ > 



w 



7,14kt+C 

7-/', 



j>7-9 confd 

Using the data at 40°P and 45 °F the followiiig graphs are marfe: 



Finding k, T=40 



* 0.002* +M 697 



Finding k 



y=0.002x+ 1.1697 



fromthese: k 1(1 = 2.S*lO J C„= 11697 

fc^S 26*10" C J4 = 1.1883 
The activation energy then is: 

VT, - V\ mol 

b) 

Using interpolation, C = 1.13086 

Using the same equarion used on the graphs wc can solve for t when C„ = 1.1 

t =. 49 days- 

7- ^ 



T 



P7-9 conVd 

c) 



C= L211 
t = 2 dajs 



jfc^ = fc , I0 A ( — f i_T| = .0023 



d) No soiutioD will be given, 
P7-I0 

Mic_.aeiis~Me_.ton Kinetics: 
V_.,.C. 



K m = 6.2 x 10" 1 mVml - 6.2% 

V^M-ISSL E = 40 mg 

ml-min 



Mole Balauce: 




" dt ~ ___ + C Ss 



- Where C M is the pereent of fish oil. 
For mon oŭs: 



_, densitv 0.9 _, t 

T= MW = 3QO~ 3Xl ° mi>Vmi = 3xW f^y^ 



■a 



■* ^T- +0-4-05)=- 



_ 6.2.n(7ĵ+].2 
5.6xl0- J /3 



min = 7106 min= 118.4 hrs 



?- */ 



T 



F7-U 



(a) Given: Thc en.zyme cataJ vzcd rcaction of the decomposition of hydro_=n pereuride, Fbra bstch 



V dt -di " rs " K m + C s 

Rcarranmng and imegraiiri^: 



at 1 = 0. Cs - Cs,, 



C S c 



►Cs-C*. - 



« 1 !*£& 




c___c_ + 

K m t 


V „ 




Aplŭtof 1 ln 


c s 
c 


o v * Csn-C*, ^ould b- i: — ; **- -' — ' 


s t 


Km 


& 




fe \<°%t 


Cso - Cs Cfo-Cs 
t 


,0200 




1.0 


.0000 


10 .01775 




L.126S .01193 


.00225 .000225 


20 .0158 




12654 .01179 


0042 .00021 


50 .0106 




1.8S67 .01270 


.0094 .000183 


100 .0050 




4.0000 .01336 


,0150 .00015 






0.0140 — 










Ŭ.Ŭ135 — 






i Cs 




O.OI 30 — 
0.Ŭ1S5 — 

0.O12D - 
O.0ITS - 


— 1 — 1 — 


~r 1 -i r ^ — «- r- — i — 



(C(S0)-C{s))rtx1E5 



7-s?a 



PML(coDfd) 

From the graph. slopc ^ ^Ĵ-.fH? i 

(17,5 ^20.6) x I0-*| S n 



- .00! 



I 



-3.1 x 10 ^ IsmojJ ~ k w 

K* = .0310 gmot/1 

AtllnĜSa=JH! Cso - C 5 1 .75 xlQ J „ mQl 
L C * <™ ' E * l-min ^~~~ 

■•■ *~ - lta Stt + Ĉ^ ^ ^^ ., , 1.75*10^^,^ 

Cs K * ! 0310 gmq l/l 

■ĵg* -f-0n + 5.64xlo-^ min -i = .OtStiSmin-' 

V^ =(.01365 x min '}(.0310 HJ"L) = 5 . 7g * iD ^ gĵ^ 
' l-min 

W V^ o [EJ. Jf ch c enzvT™- ccnoentnmon i s incra^d bv a factor of &*, , 

gmo l 
L 



*" Jn ^ C -^=-^34MO^* 20mk _ 347 , ]0 



to-^L = gsn - C* - .0347 

"' &■ r r ^ r ! Csfl-C^- .0347 1 



.03 10 



*™ a Q , ^^ a ^ Qnc from ^^ RH£ ^ ^^ ^ 



Agu.Tg C S New c s ^d iĥer^ 

0.OO77 0.0OD7 zSi 

0.0097 0.0091 66 

0.009] 0.OO93 ?:.§ 

0,0093 0.0092 ,T 

0-0092 0.0092 



c s = 0.0O93 



y.i 


yj3 


k m 






E + 


S«E- 


s 




E + 


I«E* 


I 




E*S -+Ei 


■P 



AssuiiHng (1) and (2) [o be equi]ibrium sieps: 
. _[EJ[SJ 

% [eTŝT 

* [E-Ij 
Raie of produciion fomiarion; r p = k s [E * S] 
Conibining (4Ĵ and [6): r- * MSI^l 
Totaifinzyine balance: [Eq] « [EJ + [E * S] + {E * \} 
From (4>, (5), and (8): [Eq] - [£) + SI51 + SOl 



[E] = 



[Ep] 



1+lUl 



Eouarions [7) and (10) can be tombincd to giv< 
k,[Ep][S] 



k„+[S] + **[[] 



[SĴ + kJl+U 



(b) Urtcompetitive Jnhiibidon 

k m 
E + S *=> E • S 



(2) Compedtive Inhibidon 
0) 

(4) 

(5) 
£6) 
(7) 

m 

(9) 

V.0) 

(II) 



f-Sjt 



I + E-Sol-E-S 



E-S -»E + P 



Asiuming(l) and [2} to bt equi[ibrium stcps: 



. [E)[S] 
"[E-Sl 



^~ [1-E-SJ 



[Eq] 



; ,is] ft][s) 



. From (7) and,( 10) we eei: 
k,[Eri[S] 



r '\rf 



Letk ! [E ] = V ra . 



SJ3 



*™ + [S 



M) 



r p ptvfr S] (6) 

Tooienzymebal3nce:[Eo) ■ [E] +[E • S] +[!•£• S] t g> 

Frcm <+), (5) r and (Sĵ: [Ec. = [E] + $M + OMM m 

■■- [Eĵ - 



(10) 



(12) 



t-tS" 



P7-12 (co_i T d) 

(c) Non-oompcrinvt Inhibiŭoit 



***** 

/ V 

_* i.e* 



E*S 

P +lE ,- „ * 

J_J£__ V bind ai differerti si«s of ** e**y-*. 



[ElfSl _ [t-E][S] 
^•"tpH _>E-S] 

[El[I] _ [E_S__1 



U> 



fa [E * S] (4> 

From (1) an- 0): r p = k _ 

^^b^tBd = M HE ■ 51 + [1 • E1 + fl • E ' Sl (5) 

[Eol-[El + L ^ i + ~^- + k m ki (6) 

From equanons (4) ard (6) rambined givt: 

y_M 

_etki[Eo] - v -h 



______ 



(k- + [S])(l* L |f 






7-*4 



E2il2 Gi*?n U, c rochod _eq uenc _: 

E+SoE-S 

E*S+S^_.£.S 

E'S^E+P 
I ^Ptaflf-r.vsC.aŭovmbdb*. 
I fc *l««B-iPW5.*,m K J«i HnfcrftertlI>BII 



'■* in ijualicttfve agrcerneni wirfi ŭe papb « 





1 




Jv - 






s - 






i ^ 






S ^ 


^j»j 




' 


iSs^L 




- 


i I k= vĵ~ 




f 1 


__ 1 


^ 



*» « *. « H 



A»fe = fcE kQE t fK, + 2K>C<1 _ k E. ( t - K a Cg) 

|.*_ l + K lC _+K,C_ (l+K^+K.C^ ~(l + K.Q + K a C_) 1 

«Cj- J_._, Th . a*f-Q _ .2kE,CK, 2fcE.(l-K_C,,fK 1 + 2K,C«, 

1 3C, (l+K.C. + K.C.) 2 (l + K.C. + K.C.J 3 

fej-_* j&f-3K.C t -K, + K.Cĵl . fcra , 

** (1 + K. C_ + K_ C.P ' = ^7 ' '^ "^^ 101 ^ ™ 5 

[ ' " 3l ^"7ŝH <0 " K) goes throueh a maximuin. 

«scrvaŭon _l s _ _ gr... w . t |, ihe abovc gra p h 



7-A 7 



P7-l3(cont'd) 
(b) Fora CSTR operaiinc wuh V = tOOO 1 ; «a = 3-2 l/min 
-o[C*_-Q_ - -r.V o, -r A = 2^: t - | = |f = Itfedk 
Wfah Cao - 50 m mol«/l . -r A = ^j^ i *is (iinear) tquaiion is ploned on the accompauviag 
graph, Ihc equ__pn intersects the (.<_ vi C, curvc from ihe rtte of re acrion at 

c _ 34 mmoles _ /*« mmrjles - q - 9-4 ™ "ff -3- , 

w ^ 1 ■•' ^ rrrin - i 1 



_ r _ q y$2 m PSU- ■ c — -. 1 fl^ m___ t 



. o i54 in , rri ___ , 
min-l 



Stabilitv of poincs: assume that a pemjrbacion 8 S = Cso - C s occurs where the overbcr design_CJ 
_est_ariy -tatecondirion, M_ieri_ b-iance for any rime: 

V-|- _ i.V> : Ĉ»»_._iJ 

of * ~ = r s t + C so - C s 
at _eady &__j 

- f s X + C_o + C S 
Usi-z a Tavtor series exp-nsion about C s to lineari-. r s - f$ : 




r_ - f s = 



6 S and substLtutln 



____L ( c3--s) = f-^L 

,ac s )ĉ 3 Uc s fc s 

![|^-)_ t - 1 1 e s -h e 3C j an-n,e s = o 



dE lU-_fe 

For this solurio n o: che above eqi 



42:] ■ 
3C 5 fe 



Fi 

\3S_fc 



■i ro be st-bie: 



cste 



7~.^ 



P7-13 (cont'd) 



by «onatitiE ŭie dcrivaeive gnpnicall/: ™ the 5tablht ? ffia y ** ewmin«l 



ArC £ = 9.4 m mrjJes/l . f£b*i 



3C s /ĉ s 



-j a-^Ŝt-- 0.'^3i5-fi H7<; 



•ki^rr 



'3(-iS 



[m-^^i^^-^^ 



■-. Thep iMC s = 9.4, -r^O.misunsiablt. 

At C S - 11 mn»ltt/l , fii^l} s ^l = o.o^ ■ on^ nn, 95 . , 

\*Csk s = 2A ŬC 3 24-44 4 "¥ Bm 

(B{-r s }\ 

fefe/ " '" * J*»'^**! ^ -0.775>wl : «tffc 
Al Cs = 5.1 m rrtoJes/1 . -re - 154 m SHMkiŜ .««„ - , , 

°1Tc7J " " CC=SSaiy ro " :atjlish thj S "rsctusSon definhivdv. 



EUi 



P 0: 



Data on Bakers Vcast & 23.4 °c 



?o ; 




20 mg 

S^rsib.iifriCml 
aftlccJ ta jMditen 



.» i^s 



.0425 
-0303 

-02666 
-023K 
0:33 
02Ĵ3 



2.0 
1.0 
6-5 
.40 
.255 
200 



.0575 
-0391 

.02747 
0253 
.0250 



" ** *+ * ' RfSl ' **"" * ^ ]S ^^ Qo, = o,v g cn uprike :n micrŭ!![ ^ of 
^ P*r hour pc f rn g rf Ce ll s - r„ and 0, is tfae Subs tra te . 



7-0.9 



PM4(conrd) 

■. -jL = ^_ JJ^ Liy. ___ T 

Plo« of JL venm _L ^ havc - sbpt of _^_ wd ^ jri[fireept ^ _^ 



(t/Uŭi 
CCboVCb» 



oos 

GJHt 

OJKf 




QS 



1.3 



i/rtoMmmt*» 

Fmmchegraph.slope - P ^ - . 0-1 = .0165 Intcrcep E = O,0l9 

A V^ = 5163-EL22_ 

nr-igcclfs 

Km = 0.0165 Vmn - (0.0165X52.63) = 0.S6S4 mmH* 
(b) Now. wŭh compcririve inhibition: E + SoE-S 
[ + E&F-E 
E'SoPrE 



Rak law bccomes; r, = ^— ^ — _ ŭr ±_ 

In this case, the s iope i s : L ati 






'hik thc intcncept ts ihe simc as in case (a) 



7-J>0 



J 



P7-J4 (confd) 

Pof *e ease Qf unctjmpeLiti ve in h i bition: £ + S <= E • S 

E-S + r«f-E*S 
E-S«P + E 



Kaie law becomcs: r p =a 



K m+S (l.X) 



In this case, the slope is the same. but ihc imcrcept is Jji- 
And fbr che casc of non^ompetiti ve inhibition 



-K^ f]|, K, 



e + j=»e-j 

E*l + St*I-E*S 
E + S^E'S 

E*S»P + E 



dHfl 



< S *kj(,.x, £"* 

c crr " t e r° piM " w " pio,,M ,h8 da,a for ** - ** - ««»-?* * 

EZJi 

(*) No solution wil] be given. 



y^a-p)p j - 



'j=jO-p)V~' 



v 1 

*»-- ForX=5: p = 0.&0 

1-p F 

X H = 10: p^O.90 

X a =20: P = Ŭ95 



?-J7 



7-l5(cont'd) 

Use tbese equation& to generate thfi desired grapbs: 
s. j for X, = 5, 10, aud 20 



ts. j Ibr X. a 5, 10, and 20 



0,25 ■ 
0.20- 




---'■- x*=4 
- ŜCnrfO 

Xa=M 


0.15 






O.10 






0.05 


\ 






^^= 


-^— 



20 +0 3 60 80 100 

Use the above equation 10 generaK a graph of Fi vs. p: 





(c) ^^o-iKi-pfp^ «^ijfi-pfd-i)^ 



£-,#« 



' P7-15 (confd) 

Use ihesc u^uatiŭos to generate graphs of y t and Wj vs. j. 
j t t% i tor p = 0.80, 0,90, and 035 




20 40 60 80 HlO 



0.07 i 


j «; J for p = ŬM, 0.5>0 T 0.95 




ŬM 

0.05 ■ 
0.04 
0.03 
02 ■ 

0.01 ■ 
0.00 - 


, * : p=O.S0 

M r ---p=ŭ«l 
- ,' \ > - • p = U.« 



40 . 60 80 100 



M , = M n M M 






1-p 



M w =^l, r M M =M 1 



!+p 



1-P 

We must find thc vajue of p. 

M = 2.803 

Ij = I^e^pf-k,,!) = (0.00 l)exp[(- 1.4 X 10~ J )( 14,400)] = 2.794 x li 

k M 

p = j3 = E ^ = 0.99991 

k p M + k m M + k c C + k,S + ^2k,k f (I z ) 

Tbis can then be used to calculate tbe desired vaJucs: 
104 



M, 



1-0.99991 



= 1.155x10* 



■^ (I + 0.99991) # 

(1-099991) 
D = l + p = 1.99991 



7-jfc* 



I 



F7-15 (ccntM) 

(e) Mole fraction of poIystyrene of chain length 10 (y E0 ). 
Iz p ^*p(-k t) 

P = * = 



" k p M + k m M + k t S + 1 /2fc,fc 11 /(I 2 ) 

y, = (i-p)p tt ~ L * = "> 

Use the abovc cquarions to plol y B vs.t:: 
yi» ts. t 




P7-16 
Reaction 

(a) and (b) 



X r J " " + ~L ĥ M (~j ~ *H ) + ( fc - + *J K E ^* MR i + M*J + M^ + M&D ) 

7-J>V 



P7-16 (confd) 



* [ KMR- J ~[-r„ + k/k p M + k F M\ 

%T _ (JK& f 1} , *„ k : S ( kj 
■ f M\ [ kj I M Jt^. * p M *,M 



¥ — ^ 

* M 



From the above derivation we know tbat 



k 5 5 



k„M 



k,I 



Neglecting the solvent term and rearranging yields: 

_} _ j , ^ , k.I _ r L (-r M ) 
X N *r M k p k p M (-r M ) ! 

Substituurig in for -r M and rj and simp_fying: 

J_ 2k f(l,)/M(-r M ) 

X N " kj{2k„f(l 2 )/k h ) 

J______ll + __. 

X s _fp k, 

To determine rate Iaw parameters experimentaJly from a CSTR both the fmal X s 
value and the finaJ concentradons of M and I must be recorded Thcse data can be 
used in the above equarjon to find vaJucs for the parameiers. 

An increase in temperaiure wou!d cause an increase in all three primary steps of 

free-radical polymerizadon (iniiiation, propagatiou, and lerminatiŭn). By looking at 
the overaU rate law; 



k p M 



r M = k,M i — Si_e_- 
V K 
it cari bc seem thar the greattJH effect of tempcrature wo_d be on propagation. 
Overall, there would be an increase Ln monomer disappeaiance and an increase in 
poJvmerization. 



J.-S4" 



dM _ <___ 

dr" rM dr"^ 

. ., l2kĵT t , 

r M = -k^M f — *-<- r l: - -k^l, 

Plug those into POLYMATH to get this grapb- 



Eguanicrtŭ: 
















RtitiaJ 




dim,/dlMUl=pm 


3 




dli(/d[^ŭU)=fi 
















0.01 




lqj=10 






U 






MUJM 




„,__ ^^ 


, lu! „_ 


ko=i«-3 

f=.S 

fct=S&7 


^l 




*_ 




gSiLd, 


F l 


r— *-jsp»="sqrt [2 


'ko 


i"f.'kt> 


j* 


M» 




i-C". 




«-«■ 




t*U Q = 0. E«U 


1 = 


793S8 


™ 


-t-J« 


*..„> 


! «1 


*~M 


-: ]»:*.,-« 


■ ,,. .* 



.„ A- 



CSTR: 

M Q -M = -r M *r Sfr-I**»-*,** 

The ratc laws are thc sarne so again usirtg POLYMATH the foUowuig graphs arc 
generated. 



Honomer rt spaco ilmc CSTF 



i S[Hi« Tlir» CSTR 



1 a i i 






7-^ 



I 



£2-lXcoiit^ 



B»=J 

iau=5ell 
1&-.01 
kp»lQ 
tanle-3 

l-.s 

kt»5*7 

ri--J«5*i 



b) For two CSTRs. ihe design equations change just a bii, 

The raic bws are the sarttfi with Oie exception that insEead of just l 2 or M, I lt , I^. 

M,, or Mj aie used dcpcndmg on which reactor they came from and Lhe foliowIng 
graphs are generated- 



«»«niviT>,s 



asmuch. 
Incrcasing 



"tt*. 



Slaying very elose to 3. 



^Z^ No solution wiU be given 



7-37 



7_i_ 





/ + M^-^ 




/E.+M— ^fl^ 


a) BaJance on I 


-r^k.MI 




~^T " &MI 




"rt *■ 




l + ik.M 




-r M = k 1 M] + _,M]£R J 




A__TR.-I e -I 


Balance on M: 


^^kiMI + kpMfla-l) 


, _ M ŭ - M 


M fl -M 



^/+^(4-/) 

* _c,M/ + T*„M(/ - /) - M<> - M 
tfcMA oL/ M(#.M) 

5 ' ° + -_____ ! i - JL* _ JU 

] + <* ; M 1 + r^M Mfl M 

> _V a # + T ! £,y o M 2 = (M - M)(l + t*,M) 
:> t*.(i +TJfc r 4)af= + (i + _;,/ - i^Af^M - M = 



_ ,, f _ "(' + a - 7 ° I ____ ) + V'( l + *V° - ^ĵ' + 4*^(1 + ^ p / )M 

2_* f (l + i*_/ ) 



b) -r R| ^-fc.MI + fc^MR, 
Balanoe on R, 

r-______ 



-Jt ; A_/+*_A_7? t 

-r R; - -k p MR t + k_MR t 
Balance on R^ 

___ 

-k,MR, 

Similarlj', 



:/f^--] 

[j+:_y_j 



_i ^ R -J ** 

+ fc,M/?2 " \l + zk p M 

jjj____| 

*^_ + „„Mr J 



7-JS- 



PLLL*coDtM 



' ll + iit/M 



« - ; ° if *> M 1 

c) IniUation Raie constanr ^ < < fc^ propagaljon rate constant 

Henee, nearly no change in the comcentrdlion of Mtiator (I), 



Id 


0015 








*P 


1000 








1 
0.9 














Iflo 


0.8 










o 0.7 
= 0.S 










o Q ' S 










£ 0.4 










Ŝ 0.3 




^^Md 






0.2 










0.1 











( 










0.5 


1 


1.5 ; 






tau 







£T l + ri: r Af 

tr J i+ii,wt,^i+^ 



7*^$ 



Elriflconfd 



zkMil\+TkM) 



. 1k.jH T 
(] + t*,m)J 






(_ + *_Af) 



" £f J l + rt.Mk.p/ {l + Tk.Mj 

( ikM Y i*_A. 

U^H-^l + l+_fc.A 

fi-ŬfL.T 

|^ 1 + %M) 



' 1 + ikM k 






^■iĴSri^»^) 



/f. 


_A_ 


(i + ^.m) 


^r 


___ 


_(] + 2_*,m) 


z>- 


_Mw _ 


1 + 2rt_Af 
l + _*_A_ 



7-^ Ĝ 



«TOh fa rc«i „ *lf «dgKhte mo.e M»ce and rafc I» taom*,- 

pad t»«a ,,DCfao,ft, " ta 

[COOH\ 




Tt appears ro fbllow this above 500 min. 

b) Thc ne w mok balance and rate law is : 

— ^J ^ = ^ĈŬĜfflm^ ] 

[OH] = [C0OH] 
COOHZCOO' +H + 
_ [COO-jH~l 
** [0707/] 

l A J = k[C0OHf 

mm ** [COOH] as « fonction of ŭne gives tte fo|lowmg graph: 



7-tfV 







p vs time 








0.8 


♦♦: 


t • * 


m 






o.e • 


» 






















0.4 J 












0.2 - 














,* 













500 1000 
time 


1500 


2000 



It fo!low$ ihc daLa ahove 200 min. 

c) This mcchanism can be rnade to fit either rate law, dependin° on whether HA 
dissociates before or afer ihe first reaction. 



P7-21 No solution wiU be given 



7-^A 



: 



SLJ 



R.+M—!*->R. fl 

-f = k Ml=bMpL 

di P \ 

dl 

d$ = k p Mdt 

&. §L7w/ t "t 

de-T/^ I = t °' 

dR 
—^■--^Mt + k^MEf 



«■ 



dB Jt- ° 



1 j. 



'■ra 

*_^- - te 4 __a 



"L-l 1 



v-* 



•^J-*-}^ 



'ftl 1 



7-V^J 






H) 



w 



f |) i j *fg 



&& 



V a gV 



W * J 'W W 



U 






f^-£ 



HJ "4-ff 



Forj>l 



7-^4 



____!_. 



I 



R. + M—$-* fe 

k0I 

9' = k f MT 

k I 



/ = 



M_ 



r ^ M ~M 
M& 



M 



0'_______L 



koMl-kpMR, 

fl _ W 

^(1 + ff'} 

T— I _ 

*^;-.J^M$ 

1+ *' ^+^^ + 0"o^E^rj 

4^ 






7 -¥3~ 



P7-24 



(1) "*1 — 5-1 »W = O.Ĵhr 1 

Subs&aieiiiotcess 

(a) Baidi reactor V = 2 dm^ fconsiam) 



^■^■'KS^ 



Cco=°^JL = 0.2^- 
2 drn> dm* 

<»} V^,F(Cco-C C ).r E V 



^«^Ca-Ctf + r, 



D = £ 



Cco = <no cell injunction} 
-DCc-r, = 
-DCc + P C C = 
.*. D = u 
Wash out Whcn D > |± or 

■»i-(-.-£) 

When D = , Cc = C ra 
When Cc = D = |i M , 



7- 4^ 



P7-24 Ecenfd) 
ApIoiofCcvsDdves: 




P) 

UtC^Cc andK^C^ 



K C(C-K} : 



>& X = Q 



<^CK 



J 






l/QjC-Kn -n 




7- <A7 



P7-24 (cont'd) 

J_-.JL = |J^--J__| ( 
CK CK lCoK C kJ 

K C 1K C a \ 

C K ICo k; 



Cc -0 H).2 20 1 



■X _ 0.05 + 4.95 e -" L 
Cc 



P7-25 



Run #] S'o Yc3Si Ex&aci 

#2 Ye_stExnact 
■n>e perceni volumc of ihe gio^Lh produci HjS coilected above tht broch w_s reponed as a 
functicmof rime: 

eell + nunicni -» more cells +■ produci 
(aandb) 

Cx = §»i*U-U 

or Cx - C^oc^e-f-^. 

curve fĵt «poncntial curvc: 



S.OO 10* 1.00 1D 1 1-5D m' 2.00 10 1 2.50 1 1 

lime (iir) 



f-f^ 



P7-25 (confd) 
whcreA m Cjtoe-n^ 




Rra Jfl*rwteri 13,20. 30 fcsj 



7492T"/ te °- 2l 252 



Run 2 (points 10, 15, 2 Q hrs) 
Um« - 0.3124 hr- 1 
A - 5571.7 



( c ) Scitionaj^ 

■*«**** betveen 

(d) ^^^arrndof 

(e) UCr 

D(Ca,-Ccj + M Cc = 
'DCc + ^Cc^o 

** ■ ° * D - ii *«h o UI wcar , * heil D > MnH 



[ i*g - 5.1 hr 



25 io J5 

20 hr 



Cc - 



^ 2 ^ Gdl Balance 



U+b) dCo 

# - D Cc, fa 

- ■ DCc * r E 
c so - 30 



^mm - 1.5 hr _1 

C s „ = C Cŭ = 0.5 g£g£ 

KĤ = 50g,/£imĴ 
K s = 1 g/dm 3 
D - 0.75 
yc/s c 0.08 



7-49 



P7-26 (confd) 



[k^c,(i + §l) 



U m » C s \ 



1.5 Cs 



><*l-9lJ 



I Q - Cst> - ys;x Cĉ] bydtfinirbn 
Cc 



M/X fl.OK " 12-5 



ys/x 



C Sfl 
12.5 



D = 



Cc - yc/s (Cso - Cĝ 



pick C s , caiculate D and Cc 
Cso - ĴO.Og/dm 1 
D»f- ^Cl \ 

P) IN - OUT + GEN = ACC 

f^ = D(Cc.-Cc}.r E r £ = 

^=D(Cc t .-C c ) + y SW f s 

@ i = C sŭ = 30 Cco = 0.5 

whcre D e 0.75 Kj - 50 

£ = 1Ji yc/s * 0.OS C S|K = 30 



- (3o.o - c s )(o m 



K s + Cs + (, + g) 



K S = 1 



7- 3~£) 



X 



P7-26 (confd) 



2.50 10°: 
2.00 10 p 

1.S0 lo 1 * 

O 1.0D 10° 
5.00 10"' 

o.oa io° 

-5,00 10"" 




-0,2 0.2 Q.4 0.6 O.a 1 T.2 



mhm •quations: 

d (oo> /d <t> ^-d^cc+rg 

d (csĵ A( <« =d+* <cs i n-cs) -1-3 / H <; * 

r«=l .5*oc««s/<l+Ds+cs*cs/ki) 
Hos=B.Og 



liH* 1 ^* 1 "*^ tB= G-e- =<5©= B.5BBB, cs B s 30. 
***1 value: t f = 2B.B3B ** " 




4-BB S.flO 12.B0 l*.&Ŭ £0.0 















:.as 








.ŭ» 






KEV: 






.20 












,£fl 




t 




















a 


. efl 


4.00 


b.bŭ 1£.O0 


iŭ.e 


•! ?s 



<7-S/ 



c 



IN-OUT + GEN = ACC 
^Ŭ-Fc + ^V 



S c = Cc V 



N c = ^ + Ae tl t - 0, N C - 0, A = |g 



^c=fle»-.! 


N C < 


Cc . —Ĵ^g N c = Cc {vv i) 


Fc = Cco^o 


s Cc^ijt 


F c = 0,001 gm/d 


D 1 Uŭ 


N c - 0.025 g/drf (2hr) (u ) = 0.050 g hr/dm 3 {u ) 


Nc = ^[^ [ -1 




Nc K 


Cc(v )ik L 


« - l] 


ft™ ^ - 1 1 , 0.00 1 gru/dmĴ («9) fe*r-- 1-1 

1 = "ĈTT" 0.050 g hr (u ) L k J 



EI^S 


Ploi log Cc vs t 












Slope n 


IntcrceDi 


Time 


rŭnce for curve fi 




3 


0.392 1S 


1.172 x 10 7 




4 to S br 




5 


0.79507 


1.7953 * S0 b 




5 10 9 hr 




10 


0.75862 


1.8949 x 10* 




4 to 10 hr 




15 


0.79157 


1.49« x 10* 




Gto9hr 


Slopes = l 


[hrel " 










* = Kftitt-i 


-O 


curvtf» x 


= A &>■ 






A = e-* 1 ^ 




^ - ^ln 


m 







H 



7-^X 



P7-28 (CDjifd) 



ti oe fhT] 
2.397 
3.23 
3.10 
2.S0 



c s im 


M L hr- J J 
.392 


2.4 


5 


,745 


3.2 


10 


759 


3.1 


15 


.792 


2.S 



_c^_ 

u Ks+C s 



1 * ~ 



Curve fit data lo Lineweaver-Burfce EauaTion 
ini = 1.119 slope = 1.4019 



FW - O.B780ltr 
K s = 1.23 gfl 



N«e: cinve fiis assume constam nuniem concentrarion irt batch reactDr. 
^ "±~ = ° stad ^nar>' phasc for n = 1 



Cp. - Cc - Cco 



<V [xm T J 

45.73 


Ccoai 
1.172 x 


■o 7 


C c xl0" 
46.9 




Prtdici 


165 
256 


1,793 x 
L&95 x 


10 fr 
10* 




165 

.^6 




3-5 x 10 B 


306 


1.4499* 


10* 




m 






1 0.392 


fet 
2.4 


45.7 x 


10" 




Cc 
3 x 


= 
10 7 


3 0.745 
10 0.759 


3.2 
3.1 


165 x 
256 * 


!■:)■' 
10' 




:>- 


10" 
10 7 


15 0.792 


2.8 


306 x 


10 T 




1.3 > 


E0 1 




7-^3 



P7-28 (ioirt'd) 



dtee)^4 (t>=i- 3 



mitiai ualues: t e = Z.saes. cc = i.33G*ib7 








F7»29 

Fit the data tŭ the cqua[ion: 



Cs^ 



Using POLYMATH, TmĜ the values for M^ anJ K^ They Srt 1,°S and 0.97 respcciivetv. 



7-jtV 



Plilictmfd 




3-3C0 5.300 



"" = o.oiaij-iji 



t) Using this equation, solve for Y H ; 



Thc onIy eq U3t ion oot given is for ihat of the cdls: 
dC 



We can then P l u * into POLVMATH aiid come up «jjffa the foJJowing grapfe. 



f-s*r 



P7-30 (confd) 



EguatianJ: 

d<p) /d< ej = (al.p*aiu+bet) *x 

d<5)/d(t)al/y]psMalP*HIU-b*t)** 

d( c )/d(t)=r ff 

b*;=-.H7 
yps*1.33 

ic*-.:ois 
icsi-ii.a 

psta=32.4 

Jtpi=,tlS 

jfl=SŬ 

rau=muO*(s/(k3+i3+S A 2/ltsi)J ■ (l-p/psta)" 

C D " °' '"f = SOd Vari^le 



iP.icial value 



le-08 



5.4671Lo-JJ 

5D 

231.597 

1.33 

0,2S 

o.oie 



0.0477313 
4.77313*-10 



J*,5 

-4>.X47 

1.31 
0,25 
; .01: 



0.0477313 
4.T>3i3*-l' 



5.4G71U-1I 

5D 

231.537 



11,8 
32.1 
O.OS 



c.a*7rjU 

11.05*1 



f(cp) t p 

Cio=2 
S"50 
CO=5,I, 
RMfttJS 

■■Oqe 



£Zz51 No soltition wiil be given 



7-s-C 






Mo!c baJances in g. CSTR 



DC^-DCj-fr^O 
-DC p - r p = 






SKCj^ P ° LYMATH ** usin * «fc** «ft* * D ^d C : , com, up 



SS lSSSĴSi 00 ^' """ ^ CC ° c ° noentratiM *« ^ ^ &* P^^cuon 



ĝo-2 
jfcso 



= .043 



**=*/ fkn-csj * ll-cp/cpstar) ' 






:.Ĵ3:65^ 3. Z22e°-]5 



I 



7-JT7 



C PP7-A 

Givent* 



2GH : 



1Q * CW 2 + H^ 



rGHi = F{CGH.CGHJ 

2) -rcH 3 decreases as Cch increiscs 

3) WUh no GH. -rcH, a Cch, 

4) With high Cch and lo * Cgh, * - r GH, tx Cgh, 

A rate law suggesred frpm thc observauons above is: -fGHi - q. + ^^ q. h 

This equarion suggests thc overall reaction mechanism sreps: 

GH 2 + []*->[]■ 
GH 2+ [T^ 

GH 2 -4 ]* 
Tbcrefore. a meciianisin bastd on ihc informadon above is proposed: 
GH^GH + H* -J^*-i J % k - t 4 C^ C„. 

tf * +Gff 3 — ii-> GH + H 2 -r 7 = % C CIit C w . 



-TGHs = ki C^ - lc r( Cch C H * +■ *i C H - Cch, 

-iH- ŝ - -k x CcH, + k .1 OĵH C H - + k 2 Ch* Cch t 



fc-lCcH+k-CcHi 



-rc* - fc Cc Hl + [k 2 Cch,- M CcHlf^^^^l 

. F| k.i Cch Cch, + *. k 2 Cĝ H7 + k t fr Cg Ht - fc .i Coh ki Cc Hi 1 

~ L k-lCcH + ^CcH, J 

rrtl - I" IM^ 1 

' U-lCbH+kiCcHj 



7-^ 



CDP7-B 



Given ihe foiloivina reac.Lon sc-ieme: 

f ■ + OCJ ■ -» 01 " + a - 



Q.H" 



wiih the folloivirtg raie !awr 

Acave ittermedia.es assLiTned to bc HOCl and HOl 
From tab!e I, ;hc first ru.e of thumb suq S esis: 



oh ■ * roa « oct ■ * h,o , -. L * fe , Cch c HOO ■ rt., Coa-Cn* 

k 2 
OH- + HCH « 01 +Hl 0, -r,.k 2 CoH C HOI - k . 2 Co, ■ q..o 

I- + HOCl^HOl + Cl-.^.l, 3 C,CKoa 
TMs EKp malces che ovcralt reacrion sequence I + OCl -* 01' + Ci possible: 

: J*" "* + r ' = **«- c ~ "^ -^ r e^ = o 

■tkoa = -r,-r 3 = k,Co H CHoa-k-tCoo C H3 o + k 3 C r C HO a = 

<* fc Coh- + k 3 Q -] Choo = fc^ CoaC Hj0 ; i.e.. C HO a = k -' Coa- Cw^ 

ki Con- + k 3 Q- 
l^en: -r™ = k -i k iQ Cpg -C^ 



£c r _c 



^- v,f. e re £ 



. Mj 



Aii ahemadvc approach assumes that reaction I quickly attains equilirjrium, tben: 
k C C 



fcĈL. 



Then-r^, =Jt,C,_C w 

These two approaches are basicallv equivalent 



-P¥*K 
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C11P7-C 

The following eniymaric neacrion 
k, 

E + S»E*5 

^F 
E-S »P + E 

(ŭ) Non-inhibirion; 

r P = k F [£-S] 

TZ.S -ME][S]-t;[E-S]-k F [E*S] 

i^.ĵ •= by the psctidD 5tcady-st3Jtc hypothesis 

,_ [EpS] = ^E]gl ^(ej^ej^sj 



rfc. 



fEjfka + M 



~kz + k f + k,[S] 
Espnrsskm fbr r p now becomes: . 

i = * rc. ji M^ fcfabl f fcft +**) 

Tbis «pression reduces to equarion 7-44 of the text. 
(b) For corapciicive product tnhibition, rcaction sehemc i$ of ihe form: 



: k,[E][S]-kj[E-S] 



fel 

£ + S»E 
k2 


■S 




1=3 

E + PoE 

% 


-P 




k F 
E*S^P4 


■ E 




-r A = rj = 


ME< 


■ S] 



r a = MEĴ[P}-ME*P] 



rj = k F fE-S] 



f-£j 



r 



: £D?1lG confd 



^ + fcF 






'PneH>J; 



* ^ĴJsJ 

[Sj + ^+]EE/ ] + fc^P]j 






fcj^ftodictinhjbidon. 



^to^j^^. 



E + S«E. S <i, Assumc 



raction ffj controls, ihen 



*2 
E+Ptae.p 



E-S + p^ 



E • S ■ P (3) 



t / k, = 0, r2 y fc2 - Q< 



or[E-S] = KjfEjfSĴ 



I^/kĵSO, f-EO 
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E»P + S^»E-S-P P*j [E'?\ « K 2 [E-rP] 

(5) [ E . S ■ PJ = Kj[£ - m?] - K T K 3 [E]fS][P] 



E-S-»E + P 



- u = k F [E.S] . 

[EJ = [E] + [E*S] + [E-P] + [E-S-P] 

[Ej = [E] + K t [E] [S] +K, [E] [P] + K, K, [El [5] [P] 



«[E] = 



Now -r* 



JEJ_ 



l+K|[S] + K a EP] + K,[S][P] 
k T K,[S]rE,] 



Then-r A * k F [E*S] = k F K 1 [E][S] 



I * K, [$J +" KitP] * K| Kj tS][PĴ 
This «tuation is similar to equatioti 7-B6 of ihe text, wixh 1 replaoed by P and k p by k F- 

(b) Product inJiibiEion of tĥe uncompetitivie iype: Reacrion scheme is of thc fonn: 

n = k,[E][5]-k s [E-S] 



E + S*E*S 




fc 3 

P + E*5«E 


S-P 


E-S=>P + E 





r 2 = k 3 [P][E-5]-ME'S*P] 

r 3 - k F [E*S] 
Ratc of fbnnaiion of P: rp = r t - ^; by pstuĴo steady-s2ue hypothwis: 

*■« = i - * - fj = i - r> - o = Jt, [^IĵJ- *, [£ • S]- * f f£ • S]=5 [£ • S] = *lIEH 

Kj +JtjT 



fe*S'?]=^^^^=Irj+»ftM*s*p] 
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*2 + k F t4(IC I + Jc F ) 






^smj 



«juadoti is simiJar m Fn7 t* ™* _. 



This 



£DEZ_D 

a ) Find thc equilibriuni conversion. 

_fi__ 



b) 60% of X c = 
Desigr equacion: 



[E S] CE--SJ 

[E„G]K F -[E_F]K_ 
[G] = [GUl-X 4 ) 

[F] = [GJ_X C 
X. _K F 
I"X. K^ 
X f - 0.5 



dt * 



SLoichiometry: 



_ r _ E.fftA)« n -fk I c f VK p ) 

° i + tCs/KoĴ+CCr/Kp) 



Cc=C M {l-X) 

c F = c„x 

E = 



^mbinmg and using POLVMATH thc answer is 4.4 h. 



?-<M 



£DEI-l> confd 

Gc=2 

v=l 

B"15 

k3=.,J}15 

X,g=.lS 

k2=.01$ 

ĵcjT=.iĵ 

c£=Go*s 
ugo^Go/v 

r£=E* ( (k2 T cg) /Kg- {kJ "cf ! /K£ 1 / [l*cg/K<j*cf /Kf ) 



Ijiitial valui 



c) Use $ame eqgationS ejccepi E = J^*. 

Using POLTMATH the answcr is 10. 4 h. 



d<T)/d<X}=3o/-rg 

3o=: 



Initial val ae 



E=lS'axp(-.2"t} 
kJ = .(115 
Kĵb.IS 
k2=.<m 
Kf=.15 

=f=eo*x 

Nĵo=Go/v 

ri»B'< (kĵ*cg> /Kg- (k.2*c£) /Kf ) / (l*cfl7Kg*c£/Kf ) 

=g=-r£ 
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£EP*£ No solution vvilJ be g 
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CDP7-F 



(a) Assumptions: 

■ Transftr raic from bubble bulic kj fluid inierfaee is not ra-e liminne, i c C- is 
tne equs L ibrium oxy gen ccmcennauon. 

■ System is : ai pseudo steady-staie -soch regard io the partklc size i e parcieEe 
growih is slow compared 10 oxygen iransfer, 

■ Rate of oxygcn consumpucm is d^rcctlv pToportional 10 the cell gtowih rate: 

r °i = wb r C when = SBi - v '=ld of ceits on ox vgen f EceU3 — I 
- ^ 1 ^mmole O^J 

This.impHcstliai any oxygen uulizadonreŭuircd 10 mainiain ihe cclts is neeli^ible 
and tnere is no signtĉicant mecabolic product being synthcsiieci. * ' 

Oxygen baĴance: Ro, = kj a t (C L - Ct) 

= JdatCcfCb-C,} 



kt ab - overall mass cransfcr restsianee from ihe bubble 10 the bulk. 

^c = suif ace area pcr gram of ccils 

k - mass rransfer of cells on Qj 

>'Oi = yieldofcelisonOj 



Renange Oj balances: 

^-=Q-c b 

>0_____ ŭ 
Add eouafjons 1 . 2 and 3 

Bo, k ( a_ Cc^kcac Tjlej 

(1) When aĵt y gcn consumpdon by the ceU 5 is slow, the proccss is reaccion rate limited. 

Thusrt ->1 aM: ±i- ~ -L + J^, 
Ro_ kiii Cck 



<D 
(2) 
(3) 



7-CC 
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CDF7-F(cant>d) 

(2) ^«ipfl^ H n, U ch fasier _._* mass ^g^. ^ „____ ^ sfer 
bcconjes ihe limiting facior. -=-- = - 1 + 3 

Rc. ki a b kc ac Cc 

(b) Toincreasc ihe grontti cm, yo_ could: 

* Increase fc, a_ by incrcssing fermemor agi._n on 

. rW^ ^ f"«™ration f cdb (sincc thls is an auiocat_Jv_c reactiŭn} 

c i _**-$ Cclkcac HkJJ 

= yo ] Ccf- c ^ + r i_ + m.l- 1 

Lkja. fccac T]kJ 

(4) Assumpcjons: 

* There is _ constajnt number of particies 
I ■ Each pelfet is r_ughiy spherica. _nd ha_ consnni dcnsiiv 

«donoi fa*w whicf, resistancc, ar_ toncrolling, so w C kno w lher _ _„ no «^ 
^laaom, but m_y be «<_*_: intemal or c*™] diffisi.n Bmiations. 

[k, _i Cc Ikc ac -nk jj 
i '^^ gn^in.™, kc, acnd t. ^ill change a_ fpnctions of the p_xiiclc diame^. 
•«* need io Snd paiticle diamcier a_ a f uncticn of Cc 
V c _. i^3 C WhtIC " = nurnberconecn traiion of particles (1/1) 

B 6Cr = thC dcnsi ^ of ** pardcles (g/l) 

Jtn p_- v c = parriclc volume (!) 

*"*! difF_s__ral rcsisi_j.ee can be modded as: 

tfffusionat resisiance « -ith or vviihout shear is: 

tc ac = tt2 d P 1.5 £ b < 2 

7-^7 



CDP7-F (cont'd) 



wh=re a' t = H] __6_ and ; = _6y^ 
nn Pc " uz Trn p c 

Droppmg ihc ptimes and simplifvinE: 

(eĵ Frora pan Cc}, wi: hav C ; 

J**^** 1 »»*** assu ™ «_*„„_» sufMcientivhigh 
Uat t™isp 0rT t0 Uj eagc of the flŭc ._ ^^^,5, 

tg m« *«*rn*to«« ta _ b.bble TP bulk Iiqilid depends ^ „,_ g^^ 
S^l fl ° W r agitatiDIiratC:indanuiT,bcrofatherf ^ *« iOH^orv 
fenjieiuauffli.ra) tnraim 

Dividing [hiou_h by Henry' 5 | ow CO[astani: 
- 3.67 x 10 -2 s -] 



^-^tm! |J 1 hr 
mMote' 13600 s 



& *mWy modeUai using Moncd type kincdcs: 



M-M)« 



___ 



Ik n + Cn/Iko + Q>/ 
Rc ■ = uCc 

»-*_. 1-^nco^don.rc^ ,, [hc lntr__™ ,„-«- ^ * 

7~« f 



T 






CDP7-F (confd) 

Cn Q, 

Ko + Cg Ko 

This implies ihatihe eonsnmprion D f oxygen ls diffusion limitcd inside tfce pcliei, j,„, __„ 
the Thiefc moduius is larg* (* > I ) (See Ref. 1, p.396). Jn order to check miMand to find 
thc effectiveness factor) w* calcuiatc the Thielc mod_ks. For a f.rst-or__r reacnon in _ 
bioJogical pcliei: 



_t /Ĵ__i__]_ 



maximum speciftc grovnh rate c ^,^ 



8.3xlO- s s-i 



yieMcocfficien_ 
Monod consani; 



K u . 



gceU 
_Q_ 

3.2x10"^ 



Effeeave diffuatv; Dgf' = L * J0»Ĵ._E__ 

PftUetradius: R = 0.0 1 cm 

C*lldensityinp,llet: p ŭ - f^. p M]] - OS'(£S£U 



»r 



10 J c__>i 



= O.I5g/cm^ 
$ - 5.4 
Fbr a first-oKfnrTieaciion. the effectivcness factor is: 

n - i(*cosh*-l) 
Reacrion rate constanc 



k_-£ 



K. 



3.2* 10- 



I 



^' ^*™ 6 •* *»■'-■- teil concensrarion of 0.25 g ce.l/1. the celi concenttarion equation 
^becomes; 



(Cc-0,25)^ 
j 3-67 x 10-2 s-i 

27,25 (Cc- 0.25) +1 2. 3 ln 4Cc = 



in4Cc = 



*f-_Ŭ, 



Cfeariy, , 

^ b deitrmining the cetl Eto^th 



transfer from the gas to the liquid phase and intemai difmsion p]_y impor__ni 

7 - (* f 
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Cell mas vs time. Sanai0.25gfl 






t(hr) 


c c m) 


lthr) 


Ctfsm 







0.25 


S 


11.15 


1 




1.13 


9 


12.67 


2 




2.37 


10 


14.2.1 


3 




3.74 


n 


15.74 


4 




5.17 


12 


17.28 


5 




6.64 


0.5 


M.62 


6 




8.13 


1.5 


[.72 


7 




9.63 







Fram ihc graph ii can be seen thai grovth siarts out cxponenrially and becames linear as the 
feimeneiTion bccomes limited by gas-iiquid mass [ransfcr. 

Sensitmty analvsis: 

Thc gas-Siquid mass transfer coefficient is related ra ihe agitation raie to rhe 0.95 
pover^): k^^o N° 95 
What is tiic effeci of increasing the agiiation by 50%7 
k ]ai = k,a,(l.5^) 

= {3.67xl0^s-Ml.5°- 5ĵ ) 

= {5.39*lO*)s ] (sce ^ ph} 

Sinct ceti growth has an exponential poraon, anothcr way to increase ihc growth rate 
would be 10 increase ihe innoeuous size, Cr& Whai happens when Cco is qoadrupled? 
^co = 10 g/1 (seegraph) 

iram the results shown in tiie graph. a relatively small inerease in the agiiaiion rate leads to 

a significani incrcase in ihe ccll grovvth rate. whi3e an increase in innoculum sitc means that 

tbe feraotntanon Teaches a gas-liquid transfer-Iimiied state morc quicfc!y. but the growdi raie 

remains the same. 

CailMass vsTime 

for a STĤ p r termeniation 
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CDP7-F(cont'd) 



Refeences: 

(U W E Bail ey md D3V:d F 0u;s m 

Soas. 19791 Ch^*!^^^ &$ M» Wi] ey & 



D= F/V' 



* = lUCj 
r A = kaC A C B 
r* = y C A 

SŭHria! baiaiKa; 

di " D < C Bb,-C a J + ^ c J^C^ 
p^haBalance 

. dt " Dfc <^c A ) +ifiCACB _^ 

dt " & = ° C B« = C 
Va/b (1) 



: a„ - 



*"* c A . 




7^ 7/ 






CDP7-G (confd) 
for C A = D 



^rtui No amoebai after reaching steady staie. 



C B . ^ 1 -»*^ = -5 + 0-01. - 22- 1 - rinalbacierialconcerotitiŭnwh£nC A = 

k* 0.5 dm J 

b) Cb* - C AgJ = ihenBatneria and Amoeba Balance becomes 






p«u * 0-5 hr-' 
D ■ 0,04 hr -1 
k, = 05 



kd U 0,01 
Yam =■ 0-5 
C A o = 0.1 
C B o • 1.0 



} ai i = 




CDF7-H No solution. will be given 
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C DP7-T 




I/r 



■357 2.S0Ŭ 

■«8 J.Ĵ20 

L «0 ],ooo 

] -5i5 0.66O 



nme for 50% reducnon 
30 




[Ĥoff 






^-«d C onv er ,i 0na;afunc , ojiof .^ 
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CDP7-I (confd) 
Rate Law: - G 



K m + S 
StoichiomEŭv: s - So(l -X) 

Combining: S ^ = V_ i!t s a 



[K m +■ S ( 1 ■ X)J 



J q ^iiTxr^^- v -| 



Finaliv, V-„ ; _ S X - K_ Ln ( ( - X) 

Know V m , K_ , ( - 6S hrs = 40S0 min 

Iierauon to fuid the conversion obiaincd after 68 hrs gives: X = 0.930 

The[N0jJ Lcvel i$: (] - 0.930) (1 1,500 ppmĵ = S05 ppm 

Since i, K^ and S aie fixcd by ihe s> _iem. ihe change must be made in V„-_. 

Desitedcoriversion: X = I - 300 _ 95*5 
11.500 J0J 

A De_iied V-» - H.500 (.95.5). 165 ln[l- .9565) _ , ^ ppi - 

w - L823 W 

Suice V-„ tx [EJ , increasinc the concen&arion of whole cells in the emuision will increas, 

V__. : [ZJ2a) M _JT_fral_s_ _ 5]? mgceU. 

[ 273 I mf emuision " ' mlentutsion " 

^^^ *« « h*_hf to 52 gggjjk -ould resutts _, _ i.vet _f[NO__ . 
500 ppm after 6g hours. 



CDP7-.T 

a)Find the ]_ value by dividing r ? by C c . 

K 

l.l 

.71 
.4 



C s 

100 
50 
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CDP7-J (contM) 

Using POLVMATR find the va lues forj^ and K v 
They are; jj =2.1 




lo. 000 saoDo 

"°<W: m u^iB U nftoxs<cs^CKs+c3> 

£*"**■ = 2.05665 

* ^siO^s, 1 n eg3t! ^ , e51fluals . £u , Q . 
b) Using the equatioh ; 



^O.doo sc.oDD M 0.000 



5.00.1 S : i40> 



^c 



c * -. Q D - c c r CiS = 77.8 

V = 9.57rfm^ 
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membrane reactor. The student vvill have to derive the nece* 
relationships from first prindples because thete are not formulas gi 1 
membrane reactors with heat effects in the book. 
p.S-1 



3rd Edition, Solution Manual, Chapter S 

Chapter 8 

P8-1. An open-ended problem that requires srudents to create and original 
problem and solution. 

PS-2i "What if. . ." problem. Many good extensions of the Living Exampti 

problems. Choose one 01 two parts (c) through (k) and alternate pĵrt» 
assigned form vear to year. Part (d) is the easiest. 

F8-3. Actual case history. This problem iŝ continued Ln Chapter 9, F9-3. The point 

of this problem is to calculate the conditions at the time the CSTR feed was . 

shut off. Fairh/ straight forward. The students have to use the enihalpy jj 
balance that includes phase change, 

P8-4. Very good Califomia problem. It takes some time for the students to realize 
rhat there is essential]y complete conversion (X=l) and that work is doneon 
the system, 

F8-5. This problem concerns a liquid phase reaction carried out adiabahcally. Partt 
(a) through (d) are straight forward and reinforce the principle of notv ■ 
isothermal reactor design. Part (e> asks for a sensitivity analvsis (i-t 
parameter variation). 

PS-6. This problems concems an adiabatic gas phase reachon. The studeflŭ ; 
sometimes forget that the gas phase reaction the concentration is a functioft 
of temperature. Overall this is a very straight forward problem. 

PS-7, This problem extends F8-6 to include pressure drop. Very straight fonvard 

using POLYMATH, However, one may run into trouble during «* i 
integration if a is to large and have to use the POLVMATH stiff algoritfun. 

F8-8. This problem encompasses all the facets of non-isothcrmal PBR and CSTRi 
with heat exchange. Fairh/ straight foovard with POLYMATH and rein'or*j* I 
the concepts, This problem can be altemated form year to year with P8-% ™ 
12, and PS-15- 

P8-9. Same comments as for P8-8 except it does not have any CSTR calculati<**" - 
Alternate with F8-8, P8-12, and PS-15- 

F8-10. This problem shows the competing effects of adding an inert tO Ĵ 
endothermic reaction. The students are asked to hnd the concentrat» 
(flow rate) of inert that maximizes the conversion. A straighi t<X v! ;> 
problem. That can be altemated with P8*23. 

P8-11. This problem requires the student to apply the energy balance W ' 



3rd Edi.tion, : 



»8-18. This] 



f$H(f 



3rd Edition , Solurion Mamial, Chapter S 



PM2 - SSSJSw!sS* cxcept !nere are no csra «**** *"*«* 

F8-13. Straight forward probiem involving reactor staging. 

P5 ' 14 ' ^ g CUlatiŭnS * "*** * thlS »"^« <*■#* mm on «ac»r 

PS-15. Same comments as fo r P8-8, how e ver, cven thou*h &fe ««rii» - 

rever^th.p.oblemisfairlj^traightforv^rd. & *" ^^ ** 

^ 6 ' SlrS^i ' "^' S^ htiV m ° re *«** P«"« W -actor stagm. 

tnan P8-23, yet ls reasonably straight forward. & S 

P8 " 17 ' ^,^^ 

F8-1S. This problem Ls usuallv assigned at the giaduate leveh 

****' SLS' olving " kulating the ****** fŭr the «MM w 

Pfl-20. Same comments as PS-17. Alternaie to P8-17, P8-21, and P8-22. 
PS-21. Same comments as PS-17. Alternare to PS-17, P8-20, and P8-22. 

^' ™ S blems. km " ^ 6 ^^ ^ Pr ° blem a5S[ ^ d ° f the «*%** «*<* •*■ 
PS-23. Fird the optimum feed rate of inerts for Living E^pfc S -7, Simuar to 

different effects and condirions for the SO^ oxid a tion. 

N^^gh m ? M w rnultiple reacrions with heat effects. In mv 
unStJS f r0bIernS . are ° ne of the Piimades, if nol f-ftg pinnacle of an 
undergraduate course in chemical reaction engineering. 

p 8-28- This problem concerns series reaction with heat effects in i CSTR The 

2TTT extend the problGm statement - theU ,0 fs^h: 

students to carrv out a parameter sensitiv^. E.g. increase/deaease/ E x and 
5acIon S Pr C ° Uld ^ aJtemated with ™^ which invoh.es parallel 



p-S-2 



3jrd Editipfl, Solution Manual, Chapter 3 

F8-29. Encompasses all the aspects of multiple reacrions with heat effect. Fairlv 
straight fonvard problem with POLYMATH 

PS-30. This problem on the produchon of stvrene is aimost ahvavs assigned It 
encompasses ail the facets of multiple reactions with hear effecls. The 
students wih be able to find an optimum inbt temperature and an 
optimurn mert flow rate. Double or triple credit is often assiened for this 

problem. ° 

P8-31. Parallel reactions with heat effects in a CSTR. Quite straight forward usin* 
the PQLYMATH non-linear equation splver. 

P8-32. <Prof. Fogler: Anything going here?> 

CDPS-A Very straight forward. 

CDP8-B Assigned at graduate level. 

CDPS-C Assigned at graduate level. 

CDPS-D Assigned at graduate level. 

CDP8-E Contmuation of problems F8-26 and PS-27. 

CDFS-F Continuation of probiems PS-26 and PS-27. 

CDP8-G Continuation of problems FS-26 and P8-27, 

CDP8-H Straight forward problem of parallel reatbons H with heat effects. 

CDP8-I Altemarive to problems PS-20, FS-21, P&-22, CDP&-?, and CDP8-N. 

CDF8-J Straight forward problem of series reactions with heat effects. 

CDPS-K No so straight forward of multiple reaction with heat effects. 

CDP8-L More- compiicated version of Problems PS-2G, PS-21, and F&-22. 

CDP6-M Altemalive to FS-20, PS-21, and PS-22. 

CDPS-N More complicated version of PS-20, P8-21, and P8-22. 

CDPS-O Straight forward problem of multiple reacrions O with heat effeets. 

CDP8-P Straight forward alternative to PS-6. 



Summarv 
p-8-3 



3r , d_E<3ition , Solution Manual, Chapter 8 



I 



PS-1 

• PS-2 

• PS-3 

• P8-4 

• P8-5 
P8-6 
FS-7 

• P8-8 
PS-9 

• PS-10 
P8-11 

j P8-12 

• PS-13 
PS44 
PS-15 
P8-16 
P8-17 
P8-1S 
PS-19 
FS-20 

• P8-21 
P8-22 
PS-23 
PS-24 

• PS-25 
P8-26 
P&-27 
P8-2S 

. P8-29 
■•*' P8-30 

• P8-31 
.,.. PS-32 
.3/. CDP6-A 
I CDP8-B 
I CDPS^C 

CDP8-D 
CDPS^E 
CDPS-F 
CDPS-G 
I CDPS-H 
CDP8.1 
CDP8-J 
CDP^k 
CDPS-L 
CDP8-M 
CDP8-M 
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AA 


20,21 ,22 r L 


sv 


&D 


Yes 


G 




MD 


75 


Yos 


O/G 




MD 


60 


Yes 


AA 


17,21,22,D,L,1 


SF 


95 


Yes 


AA 


17,20,22,D,LJ 


SF 


60 


Yes 


AA 


17,20,21,D,L,1 


FSF 


7H 


Yes 


O 


10 


sr 


75 


Yes 


C 




MD 


120 


No 


G 




MD 


90 


Yes 


r 


27,E,F,G 


MD 


; yij 


Yes 


i 


26,E,F,G 


MD 


75 


Yes 


I/G 


29,30,3 1,H 


MD 


75 


Ves 


AA 


28,30,31,H 


MD 


60 


Yes 


AA 


2S,29,31,H 


MD 


100 


Yes 





2S,29,30,H 


MD 


60 
60 


Yes 
Yes 






FSF 


75 


Yes 


G 


C 


MD 


<15 


Yes 


C 


B 


FSF 


45 


Yes 


I/G 


17,20,21,22,L,1 


MD 


60 


Yes 


I/G 


26,27,F,G 


MD 


60 


Yes 


I/G 


26,27,E,G 


IvID 


60 


Yes 


I/G 


26,27,E,F 


MD 


60 


Yes 


I 


28,29,30,31 


MD 


45 


Yes 


I 


17,20,21 ,22,D,L 


FSF 


45 


Yes 


I 


5,8,G 


FSF 


40 


Yes 


G 


2S,29,30,31,H,1 


MD 


75 


Yes 


G/O 


1 7,20,21 ,22,DJ 


MD 


120 


Yes 


AA 


5,6J,P 


SF 


45 


Yes 


I 


17,20,21,22,D,LL 


\\D 


60 


Yes 



p.8-4 



E dition, Solution Manual, Chapter S 



CDFfH) 

CDP&-P 



AA 
O 



5,6,J,N 



md 

FSF 



75 
7ĥ 



Yes 



"^ Ahvavs «^ AA = Always assign one from the goup of ««»*« 
O = Often, 1 = Infrequently, S = Seldom, G = Graduate level 

^'^robiems d* h,ve a dot m con^nctmn with AA ?™ **££«% 
problems, dther the problem with ft dot or anv one ot the ahernates m 
always assigned- 

^Appro^imaie ume in minutes it would bte a B/B* student to solve tfc. 
problem. 

^ ^ = Straight forward reinforcement of principles (plug and chug) 

FSF = Srly straight forward (requires some manipulation of eouanor* or fl 

iruermediate cakulation). 
IC s Interrnediate calculation required 
M = More difficult 
OE = Some parts open-ended. 

'Note the letter problems are found on the CD-ROM. Por esample A = CDPl-A. 

Summary Table Ch-8 





PFR 


FBR 1 CSTR 


Membrane 


Staging 


mss 1 


Adiabatic 


Zfc),5(a), 
6(a),10,23 




3,5(a,d) ' 

m) 


11 


13,14,16 


17,20,21, 
22 


Non adiabatic 


15 


7,8,12,26, 
27 


4,8(c), 1 
I5(c),19 








Straightfonvard 


5(a,c),6(a] 


8(a),l2(a) 


5(a,d), 
6(b),8(c) 




13 

16 


20 
21 


Parameter 

variation 


2(c,d ( g,h,i) 
5(b,e),8(e) 

9(b,c), 
10(c),12(d 

> 




12(j) 









Miss balance: F A 



p.8-5 



Jl 



Cbapter S 

I HJL Nb solutioii wĴU bc given, 

■ E3L2 No solurion wiU fc* gjveiL 

pHt Find rMotr- «mperan-- tt 3t£ady st3K ^ ft shui ^^ 

LnM mass of NH_ NOĵ in rcactor 

F A0 : IbVhr NH*N{>j Fed [o reactor 
Mttsbalanee: F^ - F^ ( J -X) - -r A V - kM 



Kfc»ergy balance: 



x _fcg}M 
" F A0 



H ^[H_ - H imJ + F AŬ X AH^fT) + Fa , ( l-X) AHv A - 
* *H if D i S ••«___», of 5 _, __, ^ ^ ^^ fif ^ ____ .^ ^ ^ ^_ 
*-T vapon^,^ ŭf a, ^ ^ ^ fc ^ ^ Qf ^..^ ^ ^ ^^ 
NH4NO3 (!) -> 2H,0 (g) + N 2 q g ) 
A --► 2B + C 

m Km FAfi (l-X) AH Va acconnt* for tf» u^eactedNH, NO_. which |rf| V vapor 
| "^ ^* 1 Nŭw - ** can niake somc subsdmtions 

= l ; e c - 



- 0.17 Ĥ 
0.83 ' 8a 



1 £^2^2 °t£ i5 ^ iVen> ^ ' he enthaIpy chan £ e f ° r *«« 200°F (!)-» 500*F Q_) U 
■r **»* So, aftfif dividing out F^ we obtairt; ™ 

I C^CT-200) + ©_ _H_<Ĵ00*F) - H B <200*F) + q„(T - 500)] 

+ AH aM X + (l.X)AH VA _ ŭ 

ŬJ^ ***** ™ "^" "* Qpadtic3 ** ^tantovcr an^scnablc 
***** r^ -od (2) thephase ehangc nH.no. {aq __ ou _) -* nh.NO, (*«, «, 

■fe b addirio*. ^em.stacco.rufcrthe =ff_ct rf «• tcmperan-e depcttdence of 



r- 6 



■ 



FS-3 coafd 

AH Rin (T) - ŬH R ^T,) + (T-T,) [g c^ + 3& Cp. , C^] - AH Rm (T r > + (T-T r ) AC, 

Lct AHw = H fl (500) - H»(20Q}, wc hivc: 

C PA (T - 200) + 9b (AHw + Cp.CT - 500)) + X [iH ftH1 + ACp(T - 500)] 
+ {1-X)AHva=0 

or: T (c PA * 6aC P , f + [ -Cp A t200) + 9g (aH„ - SOOCpJ) 

+ X [AH Ritt # AC ? (T-500)] + (1 - X) ŭHva = 

Ninuerical substkution wiih, 

fc (560) = 5.03: tt(510) = 0.53 



"(S- 



r It : t, 3 



■¥-«-tf' 



Ea * . ln |lfli|[ 1 ^ I V = 44499 

R k>.5 3^560 + 459.67 510 + 455.67 J 

&q = k, cxp [ijjU = 4.51424 a 10" 

C-. d 0.33 -&"- ; Cn. = 0.466 (P * l atm over 450 - 500T HimmelblaiJ) 
^ lb R * 

Cp,. = 0.2521 -BDMHimnielblau. App. E, over 230-265 s C) 
lb- R 

e = QJi = . 205 

AK, = 1034 Egt 

&C P 

AHe^ ** -336 Sm 

*" lb NK4NO3 

AHvA-Cp A (4l0-Tl 

Substiraong all of this inio the mass and encrgy balances: 



|lg ,0.252!) *fjj§«M -0.3S -0.03!6 J£ 



sr-7 



P8»3 cool'd 



massbaiance: X = ^T + att^/ 1 * 

257.3 

Energy balaoce; 

= 0.48 T + 88.21 + X(-m20 - 0,03 T) + (1 - X)(I55.30 - 033T) 
Assame X = 0.96 and M = 500. From mass ba&nce: 



-H9** 



- 459.67 



LMaoJ 
T = 5IQ<T- 
£LA Givsn; TheendoiheimicikpBdph^elemHi^ 
A + B-»2C 

Esffit A S £ 

Fso - fOusgk.) 10 10 0.0 




30 


80 


- 


51 


44 


47.5 


123 


94 


222 


63 


Ĝ7.2 


65 



AHr = 20.000 Bm/lbmolc. A - conscant 
Eflcrgy balanee with *oti£ icim inpluded is: 



0-W, * 

^^ - X A *Hr = L@i C Pi [T-TJ ; 

8^1,9* = ^ = $=!, XaJ -I 

t*Aja io 
Q = Ua|T s -T). 

Subsdmiing into vzsrgĵ baiance. 



r-r 




^^ UA (TVT) - W , - F^ AH R X^F M[CpA *<j$£jg , or 

T=r ,. yAfT s -T ).W,-F, n AH, 
^(C^A+CpBj + UA 

§ = IĴ hp x 2^5_Eŭ3l = 63f5;u Efifc 

hp ■ hr bp.' 



E&£ 



T-I99 fl F 



I0fc«45l + «)-«- + 150 -i^ x 10*- 



E^5 


conl 


5) 


-r. 


9 


fti 




A) 



2) 
3) 



W^ 



Fao| 



V«n.ŭf 



U^oidPhaK C A -C AŬ {1-X) 

Cao=*C w C B =C A0 (1-X) 

Atfiabadc 

r- T -^ ---rf^iJTOl- 



A) 



I*iCp iT XAC P 
aC p = Cpc ■ CpB - Cp A = 30 - 15 - 15 - 

^Hr(T) = Hc - H B - H A - (-41,000) - {- 13.000) - <-20,000.) 
ŬHr(T) = . 6.000 cai/moleA 

Z9 i Cj* = CpA + &b Cp B - <^ A + Cp B = 15 + 15 = 30 caj/mol K 
T = MD + fimi = 30 o + 200X 



r- v 



VS-5 

5) 



conVd 

A) CSTR x=035 T. 300 + 170.470 

*^31, icCio- 0.0431 
^a = [.0431 j (. i 5 f = 9 . 71 x 1Q ^ ^jj^ 

9-71 x 10^ 







k 

0,0? 
.072 
,34 
1-21 
3.42 
4.31 



r* x 10* 

1 
4.6 
12.3 
19.3 
13,7 
9.71 



fo-2000 
fi » 435 
f2 = 163 
ĥ = 103 
d = I46 
fs = 206 



^r 20oo + 4(435) + 2aĜ3) + aD3) + ] ^ + ^^ + ^ 
v = 308. + 8.8 = 317 dm^ 



8W^ 



P8-5 confd 



dV^F^ 

^Mr A ){AH R )/(C p , + C PB )/F A0 
ŭH R = -6.000 

C* = 0.1(l-X) 
Fao = 0^ 
POLYMATH CSTR 

F (X) = 500 - ~X 

r A - -.01 k (l-X)i 

k - 0.01 «p [5033(^-1)] 
F<T ) = 300 + 200X - T 
X = .9, T = 480, k = 5A 

Polvmach X==_9211 T =484:21 



e) Makhig E = 1000, causes th<t conveision to decrease and tbe profile wiil bt a 
straight hne for ths same volume. Making E = 30000 cause X lo go to completioi- 
at a voiume of only about 60 dm 3 . Malring AH E «s -2000 decreases ths conversion 
and makes the profile a straight line. Making ŬH„ = -25000 also causes the 
rcaclion to go Eo completion jn a vohime of only 45 dm J . 



t-H 



F8-S confd 



f) To find T„ (he foiJowing must 



P8.-6 



dW 




10000 
ĵ:>320,4J5T 



jdT_- r A* H * 
*" F«CV 

neglecipressuRdrop , £ = j,o 



rA = -fcCAo 






(JXj 



rPP)- 



E,lL_J__ , £,3 



dm J i 



T.oi 



k-M 



1»)«pK6(J-|. 



4C__tĵ, 



25-40 = 



4H, 



! R- -4iĵ ^-50 -(.70) = -20 -30. 



Siacetbe 



■^*"*»***.*.*,^,^, 



r-M 



££-£ confd 



££z* cflnl 



T = 450 



(-mooo)x 



40 
| T = 450 + 500X1 

3ccPOLYMATH 



Below 



4 tvd sa tv) ■ -r±/ if$ 

d Ct.) sa iy) .ramh^ [cpa*ce»> S taS 



fŭS-.Z 

Imtial vakuea: v 3 = s.i, a 




fiH,ffBZ-*fl.3*35fl.BJ lFf.08 



?-■/*-* 



Ei^ contM 







B-SB_ 98. BM I fia.M 1 *€.Sm 



E>) Hiadizcd bed CSTR 

\y- FaoX 



■r A =kc AO iiiiL^ 

A (l+eX) T 




™IS*-J*H*,M«j,. OTJti 



Adkt>3dcw]iiiW s = o 



° ZVjĈk + KACv 
ŭHr(Tr)= -20.000 IJ/moJ 
4C P = Pure A fed 

T= To+ f^s^fe. 4M + H^aooojjx 



^/^ 



p&z£ conVd 






.11 mol/kg eai*s 



k=.. l33*cxpl377L.tt tCl/«I)-tl/tl)J» 

C4*-.27l 

ca-MJS" (l-*J - HSf/tlJ^ti**) 




zB.aa m.m *fc« »-** 



7- «r 



P$-$ confd 




T = 450 + 50OX 



~ r A ~ ^ C A0 



(1-X1 



m* 



*hfflte y - P/p, 
Thea 

dnt 3 * 



■ A0 - 5,42 sjpL , a = 0.019 k^ 1 



r- /i 



B3bi confd 



adiabatic pbr mith pr«3ur« droo 

TH-e «nattcris! 

d {■*) sd fci) - -ra^ f aJĴ 

d (tl) sd fw) -ra*dhr> [faJĵ*cpa) 

d (v) ,'d (w) =- U ♦ *) • f-t 1/450) *a Ipha^ (2*y) 

h-. l33*«p(377G.6*{<l/'4S0)-tU'il>)) 

«0-.271 

ca=ca0* (l-xj * (450^tlĵ/'(J*x;j *y 

ra *-k*ca 

cpa-4fl 
rate=-ra 
«lpha=.*l9 
i-itia! "stlua»: .^, g. ffj ^ w 0J j f tlff „ 45Ĵ.09. > ± 

~tnai valiie: «if* 37.JĴJHT 



seiabareio ŝbr umh pressur-; -drop 




L6,0£ Z-U&J Si.jJC ^.JefJ) 



f~ /7 



ojfcj confd 



adiabaric i 



V- \£ 


H.0 


• , c .wz 


2. £181 


i . ZHBO 


0. 2Z37 


4.5000 


3.3215 


i . nvaz 


2.S434 


7 . 5000 


3.0556 


- 0000 


. 06 3 4 


: 0.500 


o . 03 i e 


12.000 


0.0953 


I 3 . 5U0 


e. ub4 


i s , e H3 


0.1256 



450.00 

460 . j 4 

465. 35 
*7l,7j 

477. 3! 
434.^0 

490.33 

497,69 

S05.20 

512. 32 



», 0J£0 
0,037$ 
0.039$ 
*.0416 
0,0436 
0,045 7 
0.3473 
0.050H 
«F.0TZ3 
0.0545 
0.0567 



I S . 0gff 

16.500 
J B . 0ffff 
lf.500 

2 1 . 000 
■^2 . Sflfl 

Z1.000 

^5.5*0 
^ 7 . 00H 
^3.500 

20.0100 



0.1256 
0. 1415 
0. 1579 
0. 1/49 
3. 1923 
d. 2102 
0-2233 
0. 2 4S5 
ff, 2647 
0-2325 
0f.2997 



tl 
S12.S2 

520.74 
SZ5.96 
537.44 
546.16 
555,03 
564. H 
573,26 
562.36 
591.2? 
599.36 



_T*te 
fl.0567 
0.053? 
0.0609 
0,0*26 
ff.0641 
0.0653 
0.0659 
0,0659 
0.ff6S2 
0.0634 
0,0606 



F-iT 



pS-7 cimfd 



adiabaxic ctn- 



ng 


.00^ 


w 


,300 


12 


. 600 


30 


. 9flJJ 


31 


,200 


3 I 


. 530 


31 


. 300 


32 


. laa 


32. 


. 4#0 


32, 


, r« 


32. 


ma 


33, 


300 


33, 


6iJS.- 


33, 


?0fl 


34, 


2fcfH 


34, 


5*0 


?4. 


SffSr 


35. 


100 


35. 


43 


35, 


70fl 


36. 


©'BET 



0.299? 

0. 3Z31 
0.3064 
0.3096 

3.3123 
. 3 1 60 
0.3191 
0.32Z2 
0.325Z 
0-32S1 
0.3310 
0.3337 
0.3364 
».3391 
0. 3416 
0, 3443 
H-3464 
0. 34B6 
0. 3507 
0-35Z7 
0. 3546 



tl_ 

599. 8fl 
601 . = ; 
6fl3 . ; 9 
604.3? 
606.42 
6S8.00 
309,56 
611.09 
6iZ.58 
6]4.&5 
615,43 

616. e? 

616.32 
619. 53 
620.30 
62Ŭ.02 
623.19 
624. 30 
625.36 
626.35 
627,27 



0.0606 
0.05*? 

0.35 91 
Ŭ.0563 

0.1574 

0,0564 

0.0554 
0.B544 
0.0532 
1.0520 
0.JJ507 
0.0493 
0.0473 
0.0 462 
0.0 445 

a.fl427 
0.0403 

0.0337 
8. «364 
0.0340 
0.0313 



0.5109 
£.5212 
0. 45U 
0.4310 
0.4705 
5.4597 
0. 4486 
0.4372 
0.4254 
0.4132 
0. 4006 
0.3875 
0.3735 
0.3596 
0. 3 450 
0.3295 
«f-3132 
»-2960 
0.2777 
0.2581 
0.2369 



36 . 00fl 
36.075 
3.6. 15fl 

36,300 
36.375 
36. 450 
36.525 
36 . 6fl0 
36.675 
36,750 

36.025 
36.900 
36.975 
37.050 
37,125 
37 . 2fl0 
37.275 
37.350 
3 7 . 42 5 
37.500 



H 


, 3546 


0. 


.3550 


0. 


.3554 


B 


.3553 


8 


.3562 





,3566 


I. 


, 3570 


B. 


.3573 


0. 


3577 


3. 


3530 


3. 


3584 


0. 


3SS7 


0. 


3590 


». 


3592 


H. 


3595 


er. 


359S 


0. 


3600 


0. 


3602 


H. 


3604 


0. 


3605 


3. 


3 607 



6 2!: 


. 30 


I3?B 


.30 


62* 


. 13 


fiZS 


.67 


623 


.84 


629 


.01 


629 


. 17 


629. 


33 


629. 


4e 


629. 


62 


629. 


75 


629, 


37 


62?. 


99 


S33, 


09 


630. 


13 


63fl, 


Z6 


630. 


32 



0.0313 
0.0305 

0.0:93 

0.0290 
0.02S2 
0.0274 
fl.0265 
0,0256 
0.0247 
0.0238 
0.0223 

0.0217 

0.0206 

0,0194 

0,0132 

0.0163 

0.0154 

0.0S3B 

0.0120 

0. 987*10"' 

0-701*10- 



0.Z269 
0.2311 
0,2253 
0.2193 
0,2131 
0.2067 
0,2031 
0.1933 
0.1 362 
0.1739 
0.1713 
0.1533 
0,1549 
0. 1460 
0.1366 
0,1254 
f. 1155 
0.1034 
0.0696 
0,0740 
0.0526 



s-/f 



*** Was **'"*<****#&**<» 



dw" 



F AO C^ A 

U-/pc = o.si/ s - kgcat . K 

Otbcr vaiubfes thc samc PS-6 
F«Pans< a ), (b).and(c) 

^Fan(d) 

'?^^,„,.. ******** 

•=04*40 

r «e.- ra 



r-*j 



p8-8 tonfd 



Inte^rj>tiari R«ult3 









tl 


™t« 


8.3 


0.0 




45*, 00 


0.0360 


2. 5000 


0.0170 




457. 30 


0.0392 


5 . 2223 


0.0355 




465.28 


0.042« 


7.5000 


0.0SS6 




474.05 


0.04*9 


ia.jj.B0 


S.B79i 




483.95 


1.0516 


J 2 . 5 32 


B. 1*3* 




494.93 


0-0571 


1 5 . 222 


0.1311 




507.15 


0.0633 


17.500 


0.1614 




520.77 


0.0703 


20.000 


f . 1 9 * V 




535.96 


0.07S2 


22.332 


I.-2S4I 




552.95 


0.0869 


25.001 


0. 2763 




571. B4 


0.09«2 




pfc>r u 


beot 


«echonee 






Ijrte^ratlOTi 


F?eauita 





25.000 
27.500 
20.000 
32.500 
35.000 
37.500 
40. «00 
41,500 
45.000 
47.500 
5ff. 000 



0,2763 

0,c:;ĵ 

0.3737 
'0. 4,265 
0.4(65 
0.5459 
0.605» 
0.6635 
0.7174 
0.7662 
S-S039 



C&r '- Vntai Tvcnanse 



n.i* -i.ji» =;-i J 



r-*/ 



F3 :j conrd 




1 - r»te 



* " *" «« 3*.«. <m.u'Tm.„ 



. £H<& 




«■-** ^.«* 3 «. a * 5r#r^.i 



31 cnia^nĵ tecipeftnir^ 



T, _ Jĵ0 


X 

K 

JC 


" 


30 

.42 
.56 

.70 


T» 


= 460 
= 470 
- 500 


X 

X 

X 
X 


= M 

= iSS3 
a .979 
- .996 



*-**. 



Fft-S confd 




Bec=^le ihe acnvancn av&gf and hell M IftKMm art rtOC partieularv brgc [hcir M iwt i 
paraniEiriy Largc jainip in tn^jejnurc wnh tnicrirtg teaBpcranaie. For Larĵc E undiH R ar 




£1=1 (e) 

u*< r s - T) - f^c^ ( r - rj - f« *( w J = o 

500(323- 7) -5.42{ 40)(f- 450) - 5:42(0.8X20000) = 
7"» 482.9 
F= 655.9 



7-0 



Ekx£ coŭfd 



CSTR 
~raj 






£**rshr*r«ti v^* M . m _ 



laes. ff 




^-2<j 



P8-8 coDtM 



P8-a (d) Rcp^P^3-S(a)forW = a0kgajxlassunHJigarcvcrsiblt rrattion wŭha 
rcvetsc spcdfic rtactmn rate of 



jkn 









d(tl!,d (u> - • ua* (ta- 1 1 1 -r-»*«_rhr) s $,5 . 42*cp«J 
k>. i3:,»*jrp_3776._>* (Cl^4?B)-ft/'tl))> 
C3JJ-.Z71 

«fci^* 1--.. -{+sjaf^tn^(i*x> 
kr-.i***© £ŭi»3^a»ffi^4ĵ»j-(i>'tt) )) 

ra--k*ee+kr" .g=_-I*..* <!45flxtil,'(i *xi i **2 

<ĵhr— >js_.t7_T 



ta=3;- 
Inittai v 3 lu.es: -..^ fl.JF, -x » _r_.j, tl^» J SJ_.ff3 
F inal '/alue: ■_.•£■ 33.Z3V 



2$, 22» 
S7,S_r_r 
Z9,MB 
33, JM 
JS.flflS 
37,SiTS 

42._,_If 
+5 . _!_?* 

59. ___.{_ 



Inte^ratiOTT 


Peaulta 




fl.FŭaT 


rate 
£.£369 


tl 
SŬ7.33 


fl.ĵ^er 


&.A_i_r7 


S3S.3Ĵ 


a.asr? 


ff.l_I.l_7 


6-M.S3 


tf.ĴSZS 


<r.ae89 


622.79 


^.•I3£4 


f.uasa 


639.73 


-J.46a_¥ 


H.H71S 


654.54 


f.«a4 


ff.fffiSl 


666.66 


-J.S234 


-T.iMB. 


67S.9S 


e.S43E 


-T.r374 


d82.+4 


3.5SB1 


(T.SZSS 


o36.65 


a,s&?6 


w,m\h 


9&9..S3 



;;• 



7 -«~5 



P«-B ctmfd 




X~-#r 



FS-8 confd 

the q Ba nuty ^'MSSS 0» coiversion 616 to ,78 

thst mucli. 

f) If messuia drop w« e includcd the combined tcmperaUEe and pressure might 
tiafcc the rcactor uituseabte as it might build up too much. 

g) No soluttoD will be given. 



dX -r A 
C A = C M (l-X) 



a) Desigo ecuation: 

Ratelaw: 
Stoichiometry: 



Energy balance: 

dĵ Sf700-r)+f231 + .OI2(T-298)X-r,) 
dV * 5*. 122 

Plugging thosE into POLYMATH gets the following program and the foUowing 
grapbs. The coEversioD achieved is 0.36. 

S " 9 lftitiil_yai>J* 

EgufttionSi 

it$\.tŭivi ■ <ua* <Ta-T) * (-s*t * t-Dhe H ' I Eao*cj>*) 

faO=S 

Ta=700 

Dhr=-231-.IH2*(T-293> 

Cpa=.l222 

fcsl.4B»ll*«ip t-19124/T] 

ca*=l 

ca=tao* (!'-*) 



ra=-lt"c: 



f-£7 



I 



]&9 confd 




b) Using the same POLYlVf ATW ™^ m 

m*Sm ^d ^5SS55 *' Wcre ^ ,0 change *= - Eeri ^ 



I « 

5 ! 

g0.8 
gO.6 
fŭ.4 

18« ■ 



Convefsion vstemperatiirn 






^-28 



r=r n +i 



d) When the reaction becomes adiabatic the energy balance will then 
become: J 

However, the heat of rcaction is afunction of tcmperature. This is acircular 
referencc, so we need to find T as a hinction of jusl X- 
r C^-23lX-3-576X 
C^ -0.012X 
Plugging that into POLYMATH gets the following program and graphs. 



dlxi/a(vl=-ra/fao 
Ua=5 

1a=7DB.3 
cpa=,1222 



Ini&ial valug 



T= (To-cpa-231*X-3 - S7fi*xl / (cpa- . 012 *X) 

fc^l.4B«rll*«cp(-lSl24/i:) 

Dhr=-231--ai2*tT--239) 



r- # 








s) VVhen it becomes *versibfe wfch fnerts tfc hvo ^uations tbat cbange a* the 
ratc law and the raergy balance. 



{**) 



'• can use those «juations i n POLVMATH mŭ the folIowing graph is made: 





1 






o 


U.« 


G 


(J;fi 






> 


0,4 


& 


0.2 



Conversfon vs. temperature, 
reversible 



J 



Theit is no m^imu™ because the reaction is a run a way at a certahi temperature 
and the convers.on goes to close to one at that point, 

f) No solution will be givco. 



?- JD 



C A = C T ^ 

0*4 

c T = c,+c, 

1 1 Fj + F A 



C A C A + Cj F A 
c, C, + C, 



(*,+') 



-5, =AC A 

jt = exp(^-4- 34.222 /r) 



> 



M 



A **\ + sX 

f ^±£ (l _ X) ] 

"""OTI 

jf Hoooo) + c M r & + g^gĝ 
c^ + ^r. 

Plugging into POLYMATH gives the following. 



V-31 



£&zlQeonVd 



d<*>/d(vi.-„, ffl0 



cheta=i.i 
cio=2/.ŭa2/noo 

r*"":' ci °"" B '"* i "- ,i -""-«"".«.*n, 

f » suo 




£4oi 



a) Start wfth tbe co rap l ere eo.i^ bafance: 
dE zn - 



ls can be made: 



Tbe foI| win S simpjificgtioni 1 
1) It is aj steady-state. 

"^t kaves us wi ra the foJlowing; 



^JZ- 



■ 



Evafuating the energy terms: 

«* : ■f j«> ~m + "ro ~jo + Hco F a> 

Out : H A (F A + R A V)+ H B (F B + R S V)+ H c (F c + R C V) 
SimpHfyiog again: 
-F^H^ - H A )+ (H BŬ - H S )S B + (tf„ - H c %\- AH^F^ - AH^V = 

r 1 - r i 

Differentiating with respect to V with ŭC t = 0: 



>JV Aŭ dV y 

~. a (-* xw*(T)]+± %y&*m] 

. Jsl 

r&±#& 



Combine that with the folJowing mole balances and rate law: 
d3" dP B d". 

dv ~ Ta dv " r * dv ~ ~ r * c c 

-" *#& 

Plug the— i into POLYMATH and get the following program and graphs for 
different value^ of k^. 

EiguatiOfta: j.u-l ■-■•-=■■•- 

d(fb>/d(v>=-ra ° 

d(fa>/d(v).ra S " 4? 
d { fc ] /d < v) = - r»-fce "CC 

dCIS/dtvJ^tfaoM-sarM-DllctJ^RcM-Dihrin/tfao^lCHi} *50 

fcC-tB 

Dhrl— 20000 _ t _ 

cpa=40 ;-** 

TO=450 m 

E=314D0 S 

CtO=10/(.032'To! * ^ 

k=,13 3»<Sxp<E/R*(l/4S0-l/T>} ~^ 
fao=CCO-20 
ft~fAO 

«=cto*£c/ft*T«/r 

ca=ctO*fa/ft"To/T 

cb=cto"fb/£CTQ/T 

Hc=kc*cc 

ra=-k*ca 

v = °' v £ = 30 



/-33 



E&illconVd 







«Tlieon^da&nsDceJnBiiitae 



dV — -3 — ii! J_ 



F-3^ 



8-1 2 



F8-H cont r d 

Eguations; 

d[fh)/<3,(v]=-ra 

d(fa)/d(V)=ra 

d-(fa)/div]"-ta-1oc*ee 

d (T> /d< v) = [Ua- (Ta-T) *f ao* [ -ra) * (-Dhrl | H 

kc=.l 

Dh*l =-20000 

<Tpa=iO 

10=450 

E=314O0 

R=fl. 11 

Ua^.a 

Ta=322 

ctC=lQ/(.0BZ*To) 

lt=.133*expie/EtMl/<150-l/T}) 



Initial value 



5.42 

1-DhrU) /{fao*cp*0 450 



£ao=e 



?*20 



£t=fao 

cc=cto»fc/ft»To/T 

ea=cti5*fj/£fT(/T 

cb=cto*fb/ft*To/T 

Hc=Jk;*cc 

V Q = °' V f = 30 



RateJ 
Stoict 

Evaluŝ 
Pluggi, 



^/d [w)= _ a/( ^ 

: .. a '*i/diwi=.„ /f; 







.T-Sif 



S-Il. 



») Energy balanct; 






Mole baJange; 






Stoichiom e try : C = c ( 1 ~ X X L\ 
Evaiuati^^pa^^ k *#JW± I Y| r * 

' .*tfoo? * 

*>m$o 

**ipo 




JF5-3* 



PS-12{cont'd) 

V«iafcle 



luc Pinal value 

0,64216« 
31D.69L 
0,115758 



P8-12 
(b) 



-r A °coj 



Themai 



d) Doi 
tsots 



1 


D. 0222094 


0.02Ĵ20S4 


CT.25 


0.2S 


o.ss 


0,25 


D.OB2S702 


0.082 5702 


-0.DO1916* 


-9,25 


-a.ooisLs 



fcfcla 




K5LVTMATH* 





T 




300 




320 
340 


' ;: .;' : >:. 


360 
380 




400 

420 



r 37 



FS-12 



tfcoa 



C ^ c a (i-x e ; 



U-x e F 

V ^ = T%- « X e - 
l-3£, ] 



PDLTMATH-'* 






P t 1-987 b23"f)J 



T 


x e 


300 


1.000 


320 


0.999 


340 


0.995 


360 


0.9S4 


3S0 


0.S95 


jfOG 


0.887 


420 


0.76 



T 


x e 


440 


0.ĴS5 


•160 


0.40 


4Sŭ 


0.26 


500 


0,1529 


520 


0.091 


540 


0.057 


560 


0.035 



ŝ 7 ^ 3£ 



1>$-13cont'd 



T ° C Pi + Cp. (25+25) ^Ŭ 

T = 300 + 600 X 

A 6O0 



: ne *^uat litis: 

f e*)**-tl-xi*k**.5 

kJ*5fl£3SI 

t-?9U 

-.-~p(- 3**00* (l/32&- l^t> > 

S^arch ranc^: k^- 0.0, ^^ 1.0300 



r*-ss 




J» " 210 38 o Y" 7&> 53* -5"tf> 



^&J^Forfnsm 



***-** -J5l 



I-3Q; 



Forltjdn 



J+Kc 



For 3rd reactor 



I +Kc 



^- 






or ^^ 



:rrca£to r in firSt mctor X e . 
Therefore F B = F AOl (.2 



1+Kc 




3)F A01 



P8^14 confd 




*H ****** Hro t* W> ^° r/d ^ 2 - 



Feed mnperarure to rtactor 2 is 

Fccti tcmpcraiure to reacioir 3 is 
X rma | = (-4) 



52iLLl5ŭ = 485 

2 



2-460 + 520 



-480 



Mflles of B =(.2F A0t ) + -3F^ + A¥m = Faoi U * -54 + (-*)(2-^ = 1-*^ 



3r A oi 
P$-15 Theel«rctiQiy*« vclsil5le , gas ptiase rcaoioii 
Fecd: F A0 =* Fbo * 20 n»i/s ■ 1200 molAnin- 

p = 5&0.Ĵ iansol ■ 5.74 atm. 

T *=?r£«350*K 

A0 RTo '(0.082 -^^)(3S0°K} 



i 2C 



r-¥/ 




fli 



WXX> = -20,000 JAnoie 



G) 



EaUSconfd 

Subsutute C Ah C Bl and Cc imo Kc 

4C A0 X*f* 



Kc- 



^r^ 



*X* 



w 



Calculate ^ŜĈ as a ftinction of temperature from equatioo (3), substitute in equation (5) 
to get Xe. & as a functioii of T, Energy balance for adiabatic conditionj 



-^AHR^ZeiCpET-Tc) 

$a = &6 ■ I , 6 C - . To = 350K 

Substitute : + 20.000X a (25 + 15) (T - 350) s» T * 50ŬX + 350 

or X = 0.002 (T - 350) 
Equanons (3) = (4): 



-^- = 25000 exp [-2405.6 f -! 3 9 

<1-X) 2 P t ^298 350 + 500X/J 



X«, = 0.8667 

0.8 5X„, = 0.7366 5 0-7 

(a) F1ugflowtuciordcsigncquacion: 



Raieiaw: -r A = k [c A Ca - ĝ 



V - F "/£ 



So V=^ 



-r^kcV 2 [(i-x?-S] 

f 



V m ia x 10 5 f(X) dX where fpT) - 



kf*[(l-X?-ig 



(7) 



i 7 - H3 



To evalua^e 
tabk below: 


[he iniiesnii, we ne« 


co cvaluatL 


t(X) 15 a funcriŭn 


ofX. Thhisdon 



0.1 
0.2 


(eqiu7) 
350 
400 


(eqn. 3) 
7534.8 
3191.1 


fc 

(*qn. 1) 
30,96 
626.. 1 


FfJQ 

(eqn. 9) 

0.0323 

2i8x 10-^ 


450 


J 635.9 


6491.5 


3.98 x 10^ 


0.3 


500 


958.5 


«16 x 10* 


9.89 x 10-s 


0.4 
0.5 


550 


618.9 


1.949 x IQĴ 


3.53 x 10-* 


600 


429.9 


ti.978* 105 


1.70 x }Q-S 


0.6 
0.7 


650 


315,3 


Z054x 10* 


1.08 x 10-5 


700 


I92.S 


1.155 x 10? 


4.98 x 10-* 



t»| ^l £ [0.0323. 4(2.58 x 10^**8 x 10^9.89* * 



+ 2(3.53x10^)+ 4< L70xlO 
I«I.ĵx 103 

Vpfŭ = fij ^io 5 )^ xio-3)=isol 

(b) Exotherniic, adiabaac 



+ 1.O8x10- 5 Ĵ + 1LL[ 1l0 



I x IO" 5 + 4.98 x 10-*] 




**-# 



E&ilSconfd 



kf 2 [(l-Xf-ig 



1500Lx(0i)*f^f 

*-L-!- = 0.0125 



120Ŭ&OL 






Kc) 



+ JELW + 1:=0 

f 2 kJ 



Letbi = l--i-andb2-2 + -Sl- 

Kc f*k 



(11) 



b> ± -v ta - 4b, 

Nonaniabahc cnergy balancc: 

^-(T - T A ) - XAH ft = 1 9i Cp,(T - To) 



- 10 -aL_x2 



: , Ihr „ 3.6xl*J 

1200 n>oL " 1000W eOmin lKW.hi 



(T - 290) + 20000X a 40(T - 150) 



-T + 290 + 20,0OOX - 40T - 14,000 

T = 348.5 +487.3 X 



(13) 



So the prottdure to calc-ulatc X is as fdb*s: 

1 . Choosc incremenis in T and calculaic X as a functifln of T from equarion (13). This is 
ihe vaiue givcn by enerj>y balance. 

2. Chtjosc increments in T and calculate bl and b2 ŭwn Equation (11), (Kc and k can bfl 
calculaicd finm «juation (3) and cl) respectively.) 

3. Cakulate X, discarding X > 1 or X < 0. This is thc vahie c-f X grven by rnatcrial 
balance. 

4. Plot X vs. T giveii by equadon (13) and (U) on ibe same graph. T"he inceisecnon^ives 
thc convetsion in ihe reaccor. A typbaj graph boks like the following: 



y~\s 



P8-I5 ctnit'd 




OpBralirtg poeni 

l^aoual msm* *v«: X - which * jjfa «^^ fc CSTR, 
d) The same equations can be uscd except that AH^ = 20000 and T„ = 550K. The 
fcHoiving grapĥ shows thc cguil ibrium coa versioa fo r this case. 

Converslon vs temperature 




The follo^mg POLYMATH program gives tbe PFR volume nccessarv to get a 
conversion of .65. B 



*N»Ma-4«94 JMJ . £■ -1 1/298-L/T 



ec-S-c 



[1-*>*I 
a'**f 



'.!.;.-* --.jjcji- 



F- 4<e 



The CSTK conversioŭ can be found similarly to the eauilibriuni conversion, The 



f ollowing graphjvastnade tofadjh e convgraion- 



Conversion vs temperature 




The graph sbows a conversion of .39 at a temperature of 35 1 ,SK 



e) If the reaction Ls left in a iarge enongh volume k wil! "ruDaway'. If any of the 
guanuties gel bigger. theo it will run away even faster. 

f) The ambient temperalure around the CSTR has little effect oo the conversion in 
the CSTR, 



First. we tnust determine a retationship between the change in T and the change in X 



Energy Balance : 



Mole B alance ; — - ~ —*■ 



Combine l 



dw fJc, a +0 b c, b +xŭaJ F^+cJ 

dX _ 
dW F,„ 

dT 

_yL-_!- _AHr ]0 - m 



dX 

dw 
dT_ 
dX~ 



dX~ 



l.OOO 



c^+e^ + e^ 2+5+2(1.5) 



= 1,000 






After deLerrninmg this relationship, graph the data givcn in the problem statement as X £ 
vs. T. From this graph we c an determine the number of reactcrs requir<:d Lo achieve any 
exit convcrsion. 



r-ii 



P8-l6(com 


d) 














1.2 




XeVS. T 












1 


1 

L. . .. 
















0.8 

* 0.6 

0.4 

0.2 




^v 















_±_^ -"' 








f 1 — ""■ 










' ^~——~~~~~~~~~~~* "**"**""— *—^__ 


35 


400 450 


500 550 
T(K) 


600 


650 


700 


7^ 



bSL?X t of conccm te C4U a W ith each reactor the chLge in pressure 

«crea^s , which can cause i nstabi ! i ty . 



k-6.6xlO ! exp[^rJ 



00 

1+ik 
KfrO-C^l + ^T-T,) 

C *-"X<=>,C^0 A C M +9,^ =20 + 30=50 

T^^£*l^WT a +T fl (2X30O) + 45O 

UA+ w —^r = ~ y+i— =350 

358 K. " in EXCeL We find * at fof T ° - ^0 K, the a^djf^tate fcmperature I 



UA 



$000 



P8-17(cont"d) 



Fitst, we musi plot G{T) and R(T) fŭr many differem T„* s on ŭie same plot. From this we 
generate data that we use to plot T 3 vs. T*. 






iffA 




/ 




/ 


* 


f 


' 




/" 




M ZW W° 35^ (K| 



(c) For high convcrsion the feed $tream must bc prebeated to at least 390 K (1 17°C). 
At this temperature, X = 0,93 and T = 380 K (107°C) in the CSTR. Any feed 
ternpcrature above this point will provlde highcr coDversiofis. 

(d) For a. temperature of 375 K, the conversion is 0.968. 

(e) The inlet extinction temperauire is 375 K (102°C). 



a) PS-6 is adiabatic so the radiat reactor has no effect on it. 

b) 

dX _-r, 

■ Ĵ® % 

-r A = kC A 



dy _ -a 

dW ~ 2>- 



mfiK-nH-r^-m,) 



"**<$$ 



f-HI 



PS-lStconiM) 

Sutofc h M d p are untaiOTO, we will assu™ that ihey ar« both equal u 

v* e wilJ aiso aisumc chai r varies as W- J varics 

so: 

Plsjggmg those iiuo POLYMATH g«s ihc fo)h>wir,g graph. 








r->ro 



p&-l8(cont'd) 
(0 




W = pV = p^i*h ==■ dW = 2itprhdr 

Matenal baJance: F A l r ■ F A I, +* + r A AW = 

F A l - FaUŭt + 2itprh (r A ) ŭr - 

Taking the limit as Ar — * 

^ = {r A )2^prh 
dr 

(iX -2:triip (r A ) 

501 * * ' F.tf, 



- <1X A 
' dW 



Fao 



tl) 
(2) 



tesurninz ptcssurc drop is negtiejble. The raie equation is: 
A + L B»C 

2 

5 * -ŭ5,yA0 = 0-H A E = y A o5 - -0.055 ; 0c = : fe - &■ = 0.91 

^^^-.^^^^-^«^ 

^ ,.,J l-X A ^f D J 0.91-0-5X A t X A ) 

Thefi: -r A - Wfc{-gg*} | Pa M t-0.055xj [l-XtfV$\ ( 



f-jTi 



P8-lS(corit'd) 

Equatiort (3) i% irue for X A < O.OĴ 

fot X A > 0.05 

- r A = kft) (4.35) 10.22 f 0.9HM25J . O.OTCj Jjl 

L ^0.055(0.05)1 (Ku£^« 

- r A - k(t) fo.S4S - Miml 

1 ^ J 

Energv baiancr: 

F,o N ^ . X iC? )Tl T - F AŬ {m C, + AC P Xj TW 

4 r A iW (iH R ) - ,'2) (aa) U (r) (T-TJ = 
or FAo(le i C 7 . + XAC P )Tl r -F AO (l9 i C rj . ^AC^TU, 

*. r A 2^rhp (aH s ) & - [2j ja W arĵ (j (r) g^ = Q 
Taking thr iimit as Ar -* 0: 

F*(». C* ♦ X AC ? ) f « -UfrH^T-T.) t (-r A )(-AH K ) ^hp 
Kearrangjng; 

ifT _ -Ufr) 4mr {TT A } + f-r A ) (-ŭH« ) ?*rhn 

dW "FAŭllBtCp^^ŭCp) 
^AssoiMthac u(r) = U(rj(£J t/2 ; » = ^ ( i +eX} X 

^^ tjfr) - Iferttf ^ (1 - O.Q 55 x A )^ 
Frora exampJc 8- I0 T we have: 

^HftfT)- -42.471 -(1.563XT- 1260) + (l. 36 x lQ-3) M^gpj | 

-{1459 x ffl y-l««ft) w hcre AH R fa -BDU 

T 3 ! Ibmole 



;■■) 



(5) 



(7) 
(8) 



PS-l8(confd) 

£8i C» = 57.23 + 0,01 4T - 1.7S3 x 10 * T 2 

(10) 

Sincs «prfaos (I) m(lQ) -nu.t be S oJ ved ^fe^ two ^ of coupled diffcrcntiaJ 
«Mtt. thev raus[ bc W ivcd ™ a compu^ ^plovm. numcrical ^echods $U ch as 
Rtmge-KuHi, The resulis foHow: 




dX _ -2m-ftp(-rj 



■M) 



^-C„-C„(l-X)i 



r-53 



P8-1S (com'd) 

C C = 2C A9 XŜL 
T 




The energy balance for a CSTR: 



[^Ĉ^T-T^f^Tj] 



Cps JS independent of teiriperature so: 

c p ,{r-r ) = c^ 



4~ĝ 



- UA 



G(T)=(-Mi 

R^r^C^+UATr-UAT 

So taking thc derivative of those witfc respect lo teinperanire we get: 
dR(T) _ 

dT 
dG(T) = - AH^d(-r A ) 

dT F AŬ dT 

wkere 

dT RT 1 __. . 

Set those two eonations equal to each other and then dmde the energy balance Dy 
the resnlting e^uation and the following is found. 



1,127 [r\ 



323-313 
323*313 



E p 19474 
F C UT 2 

M <* + (j -T)> — -^- and it will bc a runaway reaction. 

UA w * £ 
90000g/min * 4J/g * lmin/60 s J_*____3&> 8 - 314 * 35S ' 

120//^^*^*^ V 19474 

6000+ 10200 > 6566 *A 
A < 2.5m 2 for it to be a runaway. 



f-5S 



Mole baJancc; V 



-^a£_ 



_^r__ 



(;} 



41+^Ci + i/^JJ-rt 

' ~ l + &(\ + UK t ) 

k=Imin' T=10nun. K, = 100 

10 
1 + 10(1.01) _,W1 
G(400} = 72030 eal/mol 



b)* = 



UA 3600 
10*40 " 



F.C., 



*(*) = c^ (i + tffr- $ - 4oo(r - $ 

T- ^ + «g: 310 + 9*310 

^ITT^— T^^ = 310 

W=4ŬQ(r_3io) 
The fo!lowing plot giv,s fe ** ** temperamres of 3 J0> 377J and ^ K _ 



f-*fc 



! conf d 




c) 3 1 UK and 41 g.5 K are l«ally stable steady-state points. 

d) 

R{A 1 &,5) = 400(418.5 - 310) = 43400 

6(418.5) - 43400 = 80000 * x 

43400 m 
x = ■ - -54 

soooo 

e) This p!ot shows T, varied. 



r- 57 



PSi20 confd 




&aKr-^a^T« 



R lemperature is 208 K. 



■e. 




P-5-8 



f) This plot shows what happens if ihe heat exchnnger quits. The uppcr steady -siait; 
lemperature now becomes 43 1 -5 K. 




J3S MO 



g) No solution wiU be given. 



7-m 



** a« * <*«■-*„___ „ qL . d ^^ 



Jackeicd CSTR 






AH R = -2DO - 



fid _ ^ 



■ consranr 



gmoieA * 

^sign eq uadon: V* ^aŭ X 

-i"A 

%*&Uw t -r A -fcC A 

Sioichiom^; C A -C AŬ (].X) 

SbnpUfIcad 0n of cqu an on ( i) *& T , .V ^ Vcs 

^«manonforh^^n^doncurvc^; 

Qj = Faox(-ah r ) - f*i__i___ 

U.X 

J3S 

This is rh= curve p i oncd ^ ± S[armprtr _ 

X = — ^— c __k _ Q s 

F«(-AH R ) (0.5K200) - To5 w 

Th= «luad^ for ftjjg reraovai c _^ ^ 
Q* - 2T - To . 100 

SSf *™ s ^* ** N*P**tt **■ for ^ T ^ . h 

vano "S To- This is shown in Figure Pg^ 



(2) 



P) 



sWo 







/////// 


////// 


/////'* ' 


/ - /_//ĵ/ ' 




-— -~~7~~?s // *■<+ 


/ ///// ' 



-To=1ŭ3 
- To=l60 
- -TO=170 
— TefIBO 
— To-190 

To*200 

- -To^lO 



The intcrsecdon bet^een Q s and Q R can bc uied 10 preparc the ignidon - e?cdncdon curve 
shovvn m figure P8-22-2. The vatues for T £ as a function of inlet tcinperanire, Tq, are 
tabulated be!ow. 



4j£Q 


is_m 


150 


132 


157 


135. 172 


160 


137, 16E, 176 


L7D 


142.5. 167, 181 


L90 


154.Ĵ. 165. 193,5 


202 


162. 199 


210 


204. S 



ni*ffc« fT-li- 




a) To obiain high conversion, thc Tcaccor rnustoperate ai or beyond poini 14 in figure 
P-22-2, So ihe tninimam inlet teinperature for higji conversion is To > 202 °C 



b) The teinperamrt of che fluid in thc reactor corTcsponding to temperarure in part 1 is 
T, > 199 *C (point 14 in figure PS-22-2), 

e) The trtlet temperanire of the fluid is T = 202 + S = 207 °C . This wiil be somevvhcrc 
bctween points 14 and 15 in fjgure P8-22-2. Once dte fluid is cooled from this 
lemperarure, it will follow the Hne formed by potnis. 15, 14. 12, 9, etc,. Now 
T = 207 - 10 = 197 ~C, From figure P3-22-2. T s = 155-5 °C From cquatior. (5), 



PS-21 <cont'd) 

& - 2 • 1*5~ 197 ~ 100 = 9tea U **. No W _ B09 at 1IlMiŭn ^ 

<?_■ = _?,., so Q, - 96 cai/mon ft™ «53^ f4) . # = ___ _ 

100 
* Ej__)___ n [-doihie e __ _*-, 

9. - v °wi-.on-*_[begi ven 
__&___2 



t.K. 



Grr> 






= X C-iHn) _ 80iD0O jj 



R C T >=C pA ([..K)_r-T-l 

T i,i__!ii 
I+. 

T ___Ĵ__5X313> , 
»Ct) -f4*f_-. _)<*-_._)_, _4_[T-3li] 

c * p hnsrlijj - t)J = aoŭl «p [is.osi (^ . ±j 

K = fOO.O ckd f^___U « \\ r 

W '° CKP VTsT (_50 - f )J - 100 =,p [9,ZS7 ( J- - Ij 




^■^S __Y__5f 



__r___U 





^.-ev_„,- 07 _. s:i7eB 

'"" -MO_ 



310. 8ĴJ 

?-E.7e_e-Q7 

-2S__ 

a-oej.5oi 



_i_.e__ 

-.--4_3I_ 

___oa 



r-6.3 



P8-22 (contd) 




Vary T, to determine Ehe effecl on the number of steady statcs: 

For T, > 367. tbere is only oue steady-state. 

For 300 < T, < 367, there are three. 

ForT, < 300, there aie only two. 

Vaiy T and record all T^s. Use thcse data to geneme a plot of T, vs. T e . Frora 
this graph dcicrmijie the ignition and extinctiori temperatures. 



T. vs. T, 


Upper Steady SlSies 


Unstable SS 


.... 


-"^^ Lowtf SS 



From this it is appareot that the extinction temperahiic is 235° F and the ignition 

temperature is Ĵ62°F. 



ForK ( 
X = — 



1 + dc 



W)~' +t 




Use the same POLYMATH program. but with thJS new eauation for X ; to produce 
(he desired graphs. 



t- fe3 
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k"O-00l*axpf 18051- [1/373 -I/T)Jt 

"«•■100-eKpf -92S7- [L/3SU-1/T) 1 k 
Tgi3Qo 

Ta*ĴU * 

Hc-fTo+5-Ta) f& T 

I"tau*k/ fl-Ciu-)t) Tj 

r<24D*(T-Tc} 
S«SŬŬŭo*K 

*"S-r r 







Repeat parts (b) and (c) for tijs i>ew situation: 
By varying T,. the fo]|owii,g data were obtained: 
For T, >36"7, thera is J steady state. 

For 367 > T. > 60, thers are three steady states. 
For T, < 60, Oiere is only cne steady g^-& 
For T- = 367 and 60, there are tw steady staies. 
% varyia S T„, the ibiWi n g gfaph Was gcnerated: 



^-^7 



(d) T, vs. T. 



From this we can see that ihe ŭxtinctiOTi temperature is 2Ĵ5*F and the ignition 
temperamn; is 562T. Note that these ane the same values as above. 



F8-Z3 

w 

Initiat Calculations; 

For 1 inch schedule 40 pipe. D - 1-049 iii = 00266 m 

V = jiD 2 L = 3T(0-0266 m) ! (10 m) = 0.0223 m 3 

Dividing ihis into 1000 tubes, F^ = 0.0287 mol/s 

To develop our Design Bqualion, we must use the data gj vcn in Example 8-7. 



Moie Balance : 


dV F A0 


Rate Law : 


-r A = kC A 


Stoichiometry : 


c C Ao (i-X)T e 
A {1 + eX)T 




C Afr = ^y AD -57.276y 




E* & 



s = y*,£=y* 



F Ao 



"f t , **+**, F^+e^ e N: (i + F^ 



t* 



P8-23 <com'd) 



Energv Balance : — - 



\(-AH-) 



- AH B , = S0,770 + 6.3(T - T H )- 5.75 x 10' ? (T- - T^) - 1 .27 x 10^(r - T^) 
C pSi = 4. 19(6.50 + 0.001T) C^ 26.63 + 0.183^ + 45,86 xlO^T : 

4C f = 6.8- I J .5 x Hr T- 3.BJ X-1Q"*-T- 

Use ihese equations in POLVMATH. Vaiy F n:d . Wbile keeping F T& constant to generatc a 
graph of X vs. N: : 



X VS. 6« wjih Conslant Flow Rate 

0.020 T 




o.ooo 2.000 4.000 G.ooo e.ooo 



' <*> CC-n.se Eir.t Flovi Rate 

*jj* 1V) q -=a*delh/ ( f ao- l cpa-thi 
£HV)=,- ra /* ao " . 

RtaKgtf -34222 /T) ^ — "** \ 
* . 63*0 . 1B3-T*d$ . $£e-£*T* *2 



■<rpn*>:*ĉ1<*lcp) > 

1S*<6.5D*0.001*T) — - fr C.p, 

; 6-8-11.5e-3*T-Ĵ,Ble-6"r"';2 ifj^ 

■W770*$ . 8- {T-rr ) -ŝ . 75 * (T**2 -TT* *2 ) -1 . 27e-6- (T**3-Tr* 

-■*/the^iui/ [iaotl) 

\ delcp 

r 








0-OJ2J 









O.Q22ĵ 


1D50 




o-.mitit 


103-?. 3 






s.g»-»« 


5 T4J7? 




5.7*279 


3.Ei=- 






J,*56<7 


269. 3« 
-9.47552 




31.51*5 

o.o;;<j 


31,561 
-».*7 






Jl.SBlS 

-.V 229 31 
:.0286 


2*8 ^ 




:;s; 


2SB 






:;si 


-5 1M1. 


06 


-5.59i*J*-D& 


-S.7US». 


04 


-i.M2*3e-<J( 


26£ 




28S 


ss6 








J.JStllSc 


B7 


J,<I?6lSe-0T 


3.J»€ 


=-.- 


CD 


;,-9B*5#-0l 


2.0D2*Ge 


QS 


2 SJ!+«,-0B 


2.0D2 


6<i 


OS 


».:3D24S«-aS 



J^ w 






PS-23 (contM) 

(b) 

Use the same equations in POLVMATH, biiL this time varv F^ while keeping F AD 
COBSamti allowing the overalJ flow rate (F To ) lo chaiige. 



X vs, ©«, with Changing Flow Rate 

020 




Pfi-25 Ib) Changing PiBmi Bam 



d(T) /d (VI =-ra*delh/ ( f ao* ( Cpa* Sl»BfM,*Ŭ^tt*X*dĴMj^) j 

k=fl. 2*14 ***£(- 34 2 22 /7) 

£-.0=0.0237 

cpa»2 E . €3*0 . lS3*T+45 . 3Se-6-T- '2 

cpn=4 . 13- (6 . 50+0 . 001*T) 

delcp=£ - S-ll . 5e-3*T-3 . Ble-S *T**2 

£n =0.01144 

ro=i050 

Tia29B 

deih=a 0770+6 . B * (T-Tri-fi - 75* (T**2 -Tr* T 2 ) -1 . 27e-S* {T**3 -Tr* 

*3) 

thctonsfn/fao v*'iail* mitia- valuc 

y a&= f ao / 1 hetan / ( f ao+ 1 ) V 

c<i»=5">.27E*yao T 

ca=<raoMl-i)*TD/(l+yaŭ*Jt}/T x 



Inltial sralue 
1050 



ra=-fc*i; 



v f = 0.0223 



£ 


0.021J 


ic:t. 


1050 





O.03J45C2 


*, 7427.9 


5.7427? 


»..0»? 


0.0247 


2«9.341 


2SŜ.JU 


J1.6J45 


Jl.SĵiS 


-9-47552 


-5.15015 


v,02S7 


0.0247 


1055 


1050 



r- m 



FS-%4 No soluLioti wi1l bc given. 

P8-2S 



a)4 + £- 



Liquid phase 

dX _ - r A 

-r A = &^Ci 



{ R{T 300 JJ 



C,=Cjl~*)=C s 
The energy balance is next. 



dT_ _ Uafo - T )+■ (- r, X" Atf ff ) 



^_^ ^ y ^ u^^ 

iw'«*\4.1WUj[lp?_w.*J <fe* : &s 

Plug those into POLYMATH to come up wjth these two graphs of cortversion and 
temperature. 



»-ra/fao 

»J0**- tTa-T) * ( -ra> • ( -Dbrl J ) / ( f 50* (cj 



Insitial valua 



H_*».<**/» U/l>l/330n 

BPV, v 



LODŬ 
0.*£2„2 

146.181 



P-ftfi 
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b) Gas-phasc reaction 

A >B + C 

The design equation for a PBR is then: 

dx _-!■; 

dW F^ 
-r A = kC A 
c = C_______)7_ 

A \ + X T 



HJM 



10 



= .27 



mol 



A0 RT (Ŭ.ŬS2X4Ĵ0) "' dm' 
Then the energy balanee: 

dT _ UaJL ~ T)+ (- r„X--/f ff ) 

A/f s = -40 - 50+ 70 = -2Qkj/mol 
Plug tliosc into POLYMATH gives the foIJowmg graphs: 



3L 



w 



1-2 Sb 

Baua t ions : 

fl(K]/<3(w}=-ra/fao 

a(T)/d(w) = (U* a -{?a-TJ< 

If.E. 

T**«50 

= -20000 
f*ŭ*£.4 
qji=40 
■■31400 
■■8.3144 



jri.il valm: Kmi-jti Valu* 
20D0 
O.S9SS24 

) «65.S63 



3004 

0.9J9S24 

450.006 



Icao" (J-X) T To)/< <li-x)-T) 
St».133*exp(E/R' (1/4,50-1/T) > 



11430 

a.iiii 

0-27 



51400 
8.3144 


3140« 
8.31*4 




31490 


i.n 


C-.2T 




0.27 


430 


4S* 




1S0 


0.27 


1.02^4* 


::f, 


1. 02391« 


7.0Z21 
-L.l&ie-OS 


0.L33 
-0.M32O 




0-13301 



c) Gas-phase 
A + B^C 

Use the design equation: 
dX_-r A 

dV ~ F M 

C s = Cjl-X)^ 

T 
^c - ZL .*o A - 

fc=.035*exp| 



]B\-1Ŝ T}\ 



K = 25000 * e J"M*(J_-i 

C=^ = ml5 = 2 
r R7 (8.50^X350) 

C A = .Ĵ*.2 = .l 



Then nse the energy balancc: 

dr ifrfc-rM-r/X-Aa;) 

<# F^ + C^J 

^ = -90 + 40 +30 = -20 



Plug Lhose into POLYMATH and gai Ibc followiEg graphs. 



d[»c>/d(V)=-i:a/fao 

d[T)/d(v)«(U*a' [Ta-TJ*(-ra> '(-dlirl)] 



* ! c jra+epb+Dcp } ) 3 50 



Ta=35(} 

Dhrl=-20000 

fao^20 

cpa=25 

Cpb=lS 

&cp=o 

E=70Q00 

R=fl.3144 

cao» . 1 

To«3 50 

k=.03 5*e^p<E/H*[l/273-l/T) > 

ca=CftO*(l-K]*TD/T 

cfi«2*fi«i*tx*To/T 

K»25000*CXp[Dhrl/B'U/298-l/TJJ 

ra=-k" (ca*cb-cc"2/K) 
v = °' V f = 50 






■*07 3o.S«54 



D 0.D91J397 





O.D9LĴ997 


7535. 33 7535.13 


-!■■<■ • Sf.-i 


2S5.3ST 


0,1 0,1 


0. 005611*8 


G.DOSSliflJ 


Ŝ.-fiim -0.OOS26LC9 


-1059.19 


-o.oosiaio* 






Thc results ofifte computcrprogranrt arc presentcd bclŭw: 
Tabul.8?JQn. af Rcsuhs 





T = 1360 




& 


X 


-L 


o.c-;-, 


1386.4 


119.6 


o.ioo 


1411.7 


75:. s 


o 150 


I43S.? 


259.2 


0.200 


1-tfiS.l 


:eo.4 


0.250 


U91.: 


760.6 


0.300 


1517.Ĵ 


n^ 


0.350 


ISJ3.3 


260.6 


0.4Q0 


1569/' 


260.6 


.150 


1595.1 


260.<; 


500 


1620.9 


■60 <:■ 


0.525 


163S,S 


260,6 


:"i3 


1637.9 


260,6 





T = L270 




X 


r 


l 


0.050 


LĴ96.3 


99.4 


0.100 


1422.6 


114.9 


0.150 


1448.9 


I L f J 


0.200 


1475.0 


L18.5 


0.250 


1501.2 


ita.7 




1527.2 


118.7 


0.350 


1553-2 


118.7 


o-tffi 


1579.1 


118.7 


0.450 


L 601.0 


\\t.l 


0.500 


L 630.8 


1IS.7 


0J24 


[643,2 


iis.: 



i 'l**n1>Li'/" :jTB,, 

-^AS (J.:;i 7C. fia, M, 

jo fsaniTCc.j^.-TOMoi, ■( 
^iiTi ',*,iei Tj **o, ic. 
4a fOŭn»T J ,ĵr. 5*1 ■,.£,-;, 

miTj li.jo) 

;S raHrU.T^K.-i-.lLj.-T' r jij 



.tj:.? = HCq SipjrtiTJa JT C3HHASV 



■J - 0.0 

tr«E« - -i 

4o tEMTLNUt 



T - (Miio.u - I3.J=I0I / 
: tiL:'-L*7E s =■ s c i ? 1 1 HEiCTio» mv 
: TtnfjajiTiint 

Ml - iiP(33.5 - '«V37|»./T3 

*KI ■*_£*■=> (J. 2 ĴOO, /7 - 1L.2 * 

ir u ,;t, o.ost aa ~~ " 

('MH «.«Ĵ3 - 



Tt/*KEJ 

7» 1 - *Ptl * SQ.*r[Ci- - *)/*) * ({-3! 
i IJ)±*1,/*|C£) 

t tlLtULlTt VHE tit*LTST UE ILlnT INB F.CJC 
t KSClSS".-* TO *tMLEVE THIS tOMVEaSl CJi. 



«tl7t Lb.90» *, 7, »K1. *«. ". I", " 

;a POBniT(u.[P7£tSol 

t tHttl T<J SEE lf EOUILISNilU^ HiS 4CCN *E*CM!ta 

3i if fJi .i,e. a.o> fio ro ioo 

C [HtaihEj(7 I irip fniĵjl KfPElT THS t A~iiX-*T l CH 5 *S tttCESSiHr 
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To- 1375 




X 


I 


2 


0.050 


]40lj 


67.15 


0.1 00 


J 4 27.6 


77.79 


C.150 


1453.9 


79.92 


0.2M 


1430.0 


£0.34 


0.250 


1506.1 


80.42 


0.300 


1532.2 


£0.44 


U.350 


J 558.2 


80.45 


(ViJO 


1534.1 


80,4-5 


0.4 M 


1609.9 


80.45 


0,500 


Jfj^.S 


30.45 


0,520 


164«. 1 

T =I390 


80.45 


X 


I 


% 


0.050 


1416.3 


21.06 


0.100 


1442« 


->■', 56 


150 


i-^oe.B 


35.» 


0.2D0 


1494.9 


25. 43 


0.250 


1521.0 


:5.46 


0-300 


1547.1 


2S.r,' 


0.3» 


1573.0 


25,47 


0.400 


159S.9 


25.47 


0.4» 


1634.3 


25.4-7 


0,500 


i 650.6 


25.47 


0.506 


1653.7 


25-47 



T»- 


1330 




2C 


X 


z. 


(1.010 


1406.3 


45,49 


0100 


1432.6 


52,82 


0.150 


L4SS.9 


54.31 


0.200 


1435,0 


V!.00 


0.250 


1511. L 


■XM 


0.300 


1537.1 


54.6* 


0.3.50 


1563.1 


!-i.'Yŭ 


OACS; 


1539.0 


VI 63 


ISO 


1614.9 


54,68 


0.500 


1640.7 


54 6a 


0.5 15 


1648.4 


54.68 


T - 


1400 




X 


I 


t. 


0.050 


1426.J 


9,8 


(i 101) 


1452.6 


11,5 


n.isf, 


1478.* 


Ll.9 


.■•&.' 


1504.9 


L2.C 


n -so 


1530.9 


12jO 


O.iOO 


1557.0 


L2.0 


a.v-0 


1533.0 


12.0 


0.4H.I 


160E.9 


L2.Ŭ 


0.450 


1634,7 


12.0 


0.497 


1659.0 


12.0 



= ;o 


1 


= 




= <; 


4 


B 




»M 


I 


a 




350 


4 


I 




SH» 


I 


i 




»20 


T 


= 




*,(S 


j 


| 




i.to 


i. 


/" t 


/ 





- neo 




■- 1370 




* 1175 | 




» I JBO 1 




* 1190 




* 1400 
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Cotnmcnis: 


- X and T incrcase wiih Z 
• Esothermic 






- Reacaon ĥont increascs for decreasing Tq 


From daia 










Reaction from fftl 


SlCK) 


X.ffiRaJ> 




17834,60 


1300 


0.589 




2Ĝ0.60 


1360 


0.533 




118.70 


1370 


0.524 




S0.45 


1375 


0.520 




54.68 


1380 


0.515 




25.47 


1390 


0.506 




12.00 


1400 


0.497 




5.72 


1410 


0.4SS 




Z75 


K-20 


0479 




2.62 x 10 ■* 


16«> 


0.324 



To obtain "btsf T 0s we Wŭu i d havc to «aminc conversion, reaccion from and cacajvst 

wcight, thcn weigh ihese faciors io find ihc one whexc aLi is sausĥed to a gocd «tent 



-3=21 Eecaasc the reaciion is «sothenrnc, che 5nd equilibriiim conversion will 

decrease in lemperamre. So long as X F . ihc final conversion for a reactor wiih W = 
lOOOlb, is much Scss ihan X* the eguiiibrium convmion at ihe outlet, an inercase m T 
sbould increase X F «t che poim where X F = X, however, any incre** » rempcramre 
should decrcasc X F . b appcars, ihcreiore, ihat > unintre maximum convosion for X F wirh 
nespcct io T ewsi and may be found by startJng wiih a low value of T and increase T & cntii 
X F rio longer tncreases. 

First T an addidonal cxisr staremeni co the program should bc added so chat 
compuraaon ceases *-hen W > 1000 ib. Proposed modificadons to ihc program are show n 
bclow. 



?-n 



P8-27 {contd} 



5cl to To , ŭT. e 



-(lE 



/77\ Tesireactor 



Q 



lE>- 



T-To + ŭT 

Xop, = Xf 
T,„ = T opl 

T &[ „ = To 



To = ihc reactor inJei tempcracure 
AT = incremenE in T& 
X 0p[ , T 0pt = cojrcm opdmum 
valuc of Xp andTo 
£ b tolcrancc of AT 



^3 




^f| AT<£~pr) — *"<x) 



T=T - 1.5ŬT 
ŬT = AT12 

T pi = Tjive 



ln this scheme, To is inereased as tong as Xf is increased, The tna;dmuni value of Xf is 
set ai Xjpt if Xf is greater than the previousiy calculated value of Xf. Gnce Xopt > Xf, 
Tfl is incremenled to a vaJue below the currem optimum point, AT is decreased and T^ 
aud ^ are reset The process continues with T jumping past the previouslv cateulated 
T^ unfil ŭT is decremented belovv some toterance e. This proeess is illustrated below 
with the points rjumbered in sequetitiai order. Notethat part 5 and 8 are one and the same 
sequences of cakulations of proposed program. 
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Mole balances: 

rate laws: 

Stoichiometrv: 

F B = 1»^ 
5 _ OS-F A 

0,5 
/^=.025 
1 1F C = .025 
& = .023 



F B = .023 



Frona this wc can use two of the mole balances to solve for T 



I 0.1 

T = 269»F 
Kjiowing the tempcrature we can then solve fbr the Volume: 



ŜSl 



= 11.9^ 



We then need the encrgy baJance: 



f-7^ 



p8-23 coiit'd 

Solve for A and we get: 

A - 399 ft 2 

d) In order to get multiple steady-5tata>, the kappa, tau <uid feed temperature had to 

be changed. k = 0. U t = 0.0005 and % wou!d be changed around. 

This fiisi graph is G(T), R(T) vs T at f „ = 2000 °F 




As can be seeo therc are three steady-states. 
The next graph i s of T 5 vs. T n . ^ 



Ts vs To 



1000 - 
800 


♦ 


♦ 


♦ 


♦ ♦ 


!eoo- 




♦ 


« 


♦ 


400 ■ 


i># 


♦ 


• 




£00 
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Moi"e Balances: 
Rate Iaws: 









-^ = 


fciC A 














-r» * 


tA 














-r 5A - 


k,C c 








Stoichiometry: 


<^A 


-Ct f t t 


c B 


T F T T 






Energy Balanjce 














dr 


Ua(T A - 


rVf- 


fui-*B* 


i>*H 


,X-AH «,)+(- 


r M.X 


*_*jii_j 


dW 






FtC^+rtfK 


+-^-V 






<rr 


_ 16(500- 


-r)+i 


800(-lJ- 


IS00(-rj 


,)+noo(-r_J 







JW ICOfo+J^+fc) 

Evaluate the paranreteis. 

Jt^O.Sejtppfl^O/Z)] 

**^ 

Jfcj - 0.005exp[4,6Cl-460/r)] 
AT_=l0exp[4.8(430/r-1.5)] 
PJug those into POLVMATH and the foJJowing prograni is ereated. 



dift)Mtv)«b 




a(i»l/d|wi=r« 




a<;e^d(wS=:Ke 




dlT)^NI = fOa"<Ta-t)*l 


Cii) * 1 -i 


-Dlrriil i/ L**'ep»-£b 


eB&*JĴa? 






taaSOT 




Huia-^-iaoo 




BbiJ»».-.iw* 




cpa.ioa 




cpb-lD-U 




epr«lO» 




ki=.s*«cpr2-[i-3so™] 





t ■ [BturLa I - I - r 14 1 ■ 



^-77 



PS-29 coaVd 



Z£=W<iKpti.S- [iHJ/T-l.Sn 






k*«klJite 






CB«:t*fa/fr.*Ti>/T 






clmcr-Cb/ft-To/T 






rli=-ki-ca 






r3i*-kj*ca 






tc»-rJ* 






eJh»-*a*«ij 






cb.-rla-i^b 






ra*-r2b.ria+rJ» 






*fi c 0r w f = 100 






In ;.i:iJl vfllu* itajciniuiii vaLue 


Mininna» v*lu« 


Finj: v.ij.,« 


'9 100 




1 i.noas 


6-18169 


0.4B2fi4 


» 1.2Ĵ9S5 


a. 62715-5 


1.04ŬJ» 


D 0.476S25 


a 


0.47652'., 



2.ac:-cj 


J.ejsoj 


0.462311 


0. 452911 


0.1Ĵ47J 


2.219S5 


0.13674 


2.21959 


1 


l 


0\3S«S« 


0.53652 


1 


l.iSii* 


G .'31.8513 


v.31S5L3 


-o.ssizfl 


-0- 35077* 


-a.snsn 


-0.70538! 


-o.oaoeissn 


-0.000755551 


-B.0056S3«3 


-0.OŬ436Ĵ 


c.oooaissjT 


O.OOEfiliĴiJ 


0.000755351 


0.«H»tt« 


-o.ijtsn 


-t>, 13674 


-D.B39844 


-«.706365 


0.3941" 


0.39*6 


-0. 05,43 1 53 


-0,001567 


-O.JJS316 


&. 0576191 


-O.Ĵ9S31S 


-0.0OJ375 



a) As seen in thc above table, ihe lowest conccntration of 
c-xyleae (A) = .Ĵ7mo)/cW 

b) The trmimum conce-itmjon of m-xytcne (B) = 1 .26 mol/dm 1 

c) The fimimum concentration of o-xylcne = 1 mol/cim J 

d) The same equations are usfid escept thai F BŬ = 0. The followin& tabic ĴS 
generated. 



f- 7? 



EiL22carit f d 











-1108 


-4130 


- " 10-" 


-1800 


100 


110 


100. 


-1100 


M'J 


:■.':: 


10» 


10» 


0.53124 


1*0 


100 


1-30 


0-000*1653? 


0. 0072304; 


0-53124 

o.oaoaisjĵ-? 


1.0274S 
0,0O72JC42 


2 


j 


2 _ 


2 


J3fl 


]Ĵa 




i 


ĵ.aiso-j 

0.1JS74 


3-6fi50Ĵ 
Z.24JS9 


0.JĴ674 


130 

*-«2ass 

?.21?S3 


'' 


1 


0-&427&J 






1. 097,53 






-l.D«4B 

-S.OOlfiJĴŬ? 

G-0D1S3ĴO7 


-0.4447JJ 

-0-0!>ilS46fi 

3.:0SS53«S 


-L.0«2aa 
-S.0-05S5JB4 

o.aoiiS4Ss 


0.117551 
-0.7SJ2S1 
-0JOO494SO1 
0.IO4S03IM 


1-0S24S 


i.ssj-ia 


-0.049SSC5 


"0™"" 


-1.06411 


S. 0478447 


-1. 064H 


" ' l 1 8 ' iJ 



-pu . " -1.0S4il -O.iOĴiLiifil 

mol/dm 3 . " maximum conceiiLrauon of o-xylene = 2 

f°™^S^A?& ! f W*™».*e«w* ŭfB 



■B + C 
D+E 



want the exitmg fl ow rates of B, D, and F 



^,#0 



Ea^g confd 

Start with mole baknces in PER: 
dF A d% dF c 

dv =ra dV =rp dv " 



*« 



dV 
Kate laws: 

r A - ~ r is - r z e - % 



diy 

dV 



<■*<: 



= t 



dV 

r D = r 2B 

r F = r 3T 



r E = r 2B 

r F^T 

r 2B . p(l-<»)exp(l3.2392-^55V 



r 3T =p{l-^expfo,: 
Ŝtoicniometrv: 

Fr =F A + Fj, + F C + Frj + F^ + Ft + F G + 1^ 

F| = steamiatio * .00344 
Energy baiance: 



**g«») 




Evaluate the parameters: 

AH R1A = 116,000 






105,200 
-53,900 



*{£*»] /d[v,*r4 
a!£b)/d(v)>rb 
a«C>/d[v>«re 

'4fb|/4ftr]»» 

«ttJ/d( T )« Mrls . K 

"118000 
I30O 
»1400 




y-7\ 



££r3Q conf d 



K p i - exp(b, + -^- + b^ ln(T) + [(b 4 T + b 5 )T + b 6 ]T) 

a) Now plugging into POLVMATH with a initial temperature of 800 K 

we get the following program and answer. 

F B = 0.0O0898 kmol/s F D = 1 .07*10* kmol/s F f = 3.59*10* kmol/s 



.*r3t* H3al / <fa+293+fb*27Ĵ+£ e*30 800 



1-20 

d(fa)/d<v'|=ia 
a[fb)/d(v)=rb 
<Ufc>/d<vl=rc 
d{£d>/^ T J=*ra 
4UE4)/d(vWe 

d<jrf}/d<v)=tf 
a(fS)/d(vj=rsr 

«(Tl /d (v) =- (rls*fT4.a+r2b*] 

+ea*a 01* f ** so+f i *fia+i ; 

B2*=10S2O0 
IGS--SS900 

n-«p(-17 .i4-l . 302e4/T*S .0Sl*ln (T) + < {-2 . 214e-10* 
-6)*T*-4.931*-Ĵ)*T} 
t-U.5 

-»■»■,00344 

" jjjpf a+fb* f e+£d* f e+f f + f g+ f i 

]fc*ta/It*2.€ 

>**tb/ft*2.4 

3pte/£t*2.4 

-3fe"P* ( 1-pb.i ) *exri ( li - 2 JS2 -25 000 /T } * Pa 

**W* U-pbi) *ratp ( . 2361 -11000 /T) *Pa*Sc 

tt^iĵt 

*fl*rlt 

■£9* Cl-ptai) *exr.{- , oe53S-10925/T} * (Pa-Pb»*e /Kl ) 
rtnri» 

***l»-r3t 
^-SM-tab-rlt 
*6 * 0, v 



F-F2 



Pfl-30 «mfd 


8-30 














Vari-^ble 


Initial valiig 


MaKJJmmi value 


Mjniman valujB 


Fiaal valve 


















v 












10 




fa 


0.003« 


0.00344 


0.00249597 


0.00249597 




tb 





0.000837375 







0.000837375 




£e 





0-00086149B 


□ 




0. 000661493 




fd 





l,077fl5e-05 







1.077B5e-O5 




fe 





1.077B5*-05 


O 




1.077B5e-05 




H 




3-5B772B-05 







3.5B772fc-5S 




fg 





3,53772e-Q5 







Ĵ.58772e-D5 




T 


300 


B00 


765.237 




7 65. 237 




Hla 


naooo 


naooo 


118000 




llBOoa 




fO^ 


1053 00 


105200 


105200 




105200 




E3a 


-53909 


-53900 


-53900 




-53900 




P 


2137 


2137 


2137 




2537 




phi 


o.l 


0.4 


0.4 




0.4 




Kl 


0.0459123 


. 0459123 


0,0196554 




0.0196554 




sr 


14.5 


14.5 


14.5 




14. S 




U 


o.oi9aa 


0.049BB 


0,04938 




0.049BB 




i^ 


0.05332 


O.05422S2 


0.05332 




O. 0512282 




Fa 


0-154B39 


0.151839 


0.1104 65 




0-110465 




M) 





P. 0397155 







0,0397155 




Pc 





0.O3B1277 







0.03B1277 




r2b 


a.99ii9c-oe 


2.991156-06 


5.16009B- 


07 


5.160O9e-Q7 




ra 


2.99119e-Q6 


2.991l9e-06 


5-l6O09e- 


07 


5.16009e-Q7 






2.991l9e-<16 


2-99119C-06 


5 . 16009&- 


07 


5-160096-07 




*3t 





1.13563e-06 







I,l5139e-D6 




rf 





4.19563e-0fi 







1.15l39e-D6 









4. 19563*- 06 







4.15133e-06 




*12 


O.O 00213 7S5 


O. 000213755 


2.4BL3Xe 


05 


2.4ai31e-05 




rb 


0.000213755 


0,000213755 


2.43131« 


05 


2.1$131*-05 




rc 


0. 000213755 


O.O0D21375S 


2.06617« 


05 


2.066116-05 




» 


-0.00021674S 


-2.94aO5e-05 


-0,QD0216746 


-2.94S0SG-05 



<w 



'-%3 



P8^3g conf d 

bJ T D = 930 K 

F B = 00194 kmoJ/ s 

e-so 



F D = 0.000217 kmol/ S F , . . 0002ŭ4 ^^ 






9iO 

Uaooo 

105200 
-53900 

0,4 

o,fi3043a 

14.5 
D.04Ĵ3Ŭ 

0.0SJ32 
0.1S4S3S 



0,000236030 
0-0002Ĵ 6028 

0.0002Ĵ«02fl 



0.00144199 

o.oŭh 41 sg 

0.O0144130 
-0-00167S 



c)T =nooK 

F B ^ 0.00165 kmol/s 

B-30 
¥s*iaile 



fb 
*d 



- 00344 

0.00*93494 

0.ŬO174O35 

0,000215382 

0-000216ĴS2 

0,000203387 

O.Ŭ00203337 

930 

UflOOO 

105200 

-53900 



. 00108529 



2137 
0.4 

0,630438 
14.5 

.04986 

O.OS 54713 

□,154939 

0. 0837163 

0,0753373 

0. 00023 602fl 

0.00023602B 

, OOO23S028 

3.10453fr-05 

3,10453e-05 

3.10453e- 05 

0,00144198 

O.OQ1441Ĵ£ 

0.00144193 

-2,62335o-05 



850,383 

11BŬ00 

105200 

-S3900 

2137 

0,4 

0.1391* 

14,5 

o . 0498e 

0.05332 
0-0469559 



5.77759e-06 

5.77759*-06 
5.77759e-06 



S-83l76e-06 
5,fl3l76e-06 
-9.79236c-D$ 
-0.001678 



0. 00109529 
0. 00193434 
0.00173155 
0.000215302 
0.000216332 
0,000203357 
0. 0002033 B 7 
850. 3B3 
110000 
105200 
-53900 
2137 
0.4 

0-13914 
14.5 
0.049SS 
0,0554713 
0.04S9S59 
O.Ofl 37162 
0.0749166 
S.77?59e-Ŭ6 
S.77759O-06 
S. 77759*- Q 6 
1-46241e-0S 
1.46241e-05 
1.45241^05 
5.E3175 Q -0£ 
5-fl3l75e-D6 
-B.75236e-06 
-2.62335e-05 



F D - 0.00161 kmol/s F f = 0.000127 kmol/s 



Tnitial va:u. 


* Mitimmn V a1i 




0,00344 


0.00344 


5 


0.00174939 





0-00164874 





0-00160673 





0.00160673 


c 


0.00012747 


a 


0-00012747 



S-15O06e-05 

0,0016543 

0-O0152582 

0.00150673 

0-00160673 

0.00012747 

0.00012747 



?- 84 



PS-30 tonf d 



1100 
119000 

1O52O0 

-53900 

2137 

0,4 

7.6B$3S 



0.0493B 
0.05332 
0-154635 



0.DOB85966 
0.CD385966 

D.ocaa&9££ 

-0.O23B9B6 



1100 

iiaooo 

1D5200 
-53300 
2137 

6a 

7.63635 
14-5 



980.453 

iiaooo 

105200 

-539DO 

1117 

0-4 

1,44382 

14.5 



931-112 

ll&OOO 

1052 DD 

-53900 

2137 

0.4 

1.47059 

14.5 



0.0493« 

0.0565388 

0-15*839 

0,0742133 

O.0E99522 
Ŭ. 015039 
0,015039 
0.01503$ 
0,000115069 
0-000115069 
0. 000 115069 
O.D08fl596S 
0. 008859«« 

o.ooaas966 

-1.3151*HJ« 



K 05332 

5.0DZ1B151 



i.3eis*-os 

l.ĵfilSe-OS 
1.36L5e-05 



-1.6Ĵ94le-0S 
-L-£3B41e-05 
-2.01381*-05 
-0-D23B9S6 



0.04988 
0,D 56581- 

0.0021B451 
D. 07 0170 3 
0-0647 634 
l,3£15ft-05 
1.3Ŭ15a-05 
1.3Bl5e-05 
3,30759e-06 
3.30759e-06 
3 . 307S9«-Ŭ« 
-1,56075*-0S 
-l.S6075a-DS 
-1.8915e-05 
■1.31516-06 



-0.023B9B6 -1.3lSl*-06 -u-u^ 

d) Plotting the production of styrene as a function of T gives the 
foIlovvLng graph. The temperatune that is ideai is 995K 



0-«1» l / \ 

fl,aau { T \ 



\ 



e) Ploiting Se producdon of stjraene as a function of the steam ratio 
gives the following graph and the ratio that is the ideal is 25:1. 




f) No solution will be given 

g) No solution wtH be given. g * qS 








Sim 


?lifyir 


i;;. 




v = 




We 


can p 




and Dant 


'tabi 


M- Cill *£$ 



Pfr-31 



Mole balances 

v v o( C AQ- C a) 



Vq(Cb_-C_) 



v ____c_i 

Rate laws: 

-r A = kiC A + k 2 C B 



_ v qCu 



r D =■ k}C A 
r_ = k 2 c s 



-, B = k_C A + k_C B 

Energy balance: 

Evaluating the parameters; 
T=4Ŭ0K 

kl =1000^-^=6.73 i^-am^Jfiĵ-ui 



AC, 






lrt drn 



C A0 .01 min 

_implifying: 



= 40 -30- 20 = -10 
C__ ~ c ao 



= t*r D 



C B = t*r B + C 
Cu = t-r L , 



B0 



V = - 



171D00 



* 20190* C A + 6660 »C B 
We can plug those into FOLYMATH and find the exit concentration. of U 
and D and find the volume of the CSTR. 



_fpi 

'tefc.S-t __•__«■,!__ -cb 
-.__! -_*-_*_»*<_ 
E (-_] -cu-cauT- 
(<V).i-jiŭŭŭv 1.20190 



In l.-_1 V-A. - 
_.Q0l? 

u.ŭon 
o.wjt_ 



**-*._ 



I 



*-*)__*«_) 
t---fcl»_s-lc_*s 



f- e^ 



ES=31 confd 





a-3i 






Bolution 




Uanable 


U^Iul? 


K> 


CJ 


□.□0167921 


-:j.l2e-lB 


cb 


0. 001 £7921 


-3. 3 2e-IE 


ed 


D. 007 14" 358 


-2,159<?-18 


cu 


0.001 17621 


-3.Ĝ9<Ĉ!?-10 


U 


3734. 94 


-G.53le-I3 


ca-o 


0.01 




cbo 


0. 1 




vo 


600D 




ki 


e,7ĵ 




k2 


i.i i 




t ,-|L I 


0.63243 




f Ij 


0.011234 4 




ru 


0.0018(3292 




1-3 


-0.0131572 




rb 


-0.013S572 





a) C v = .0012 
C D = .0072 



b) V = 3794 dm* 

c) No solution will be given. 



7-6 7 



Mob balatices: 



**& 



Thi:» solution only uses oae CSTR^ if there is more than onc CSTR, then the mole 
balances would both look like the first one. 



Rate iaw: 
Energv balauce: 



r,»*,C A -^ f 



100/(7.)+ F M CJT + (- Aff rt ,X- r 4 y) + (- Atf„ a X- r,y) 
lOOZ + ^oC^ 






Evaluate the parametets: 




*, = 0.3exp[700C 


t 300 rj 


* 2 =O.03exp 70C 


«f-L-1 

^300 T 


POLYMATH 




S-32 




&Iuations : 




KihJ-eb-tau*!* 




f ( T ) - ( 1 ■ * *T4*f ao-cpa^TO- 


VtVtaA**m*t 



fa*Dkrt*rf)>t/[l<M)*( 



»11 = 1.0000 
Ptu::>«-l0000 
Jti-.a-aitpjTooo-d/Ĵoa-L/Tn 

W- . 03 *exp[50O0* (I/30Ŭ-1/T) | 
r»i«-kl*c* 



f-ee 



£S£2 conKd 





B-3Z 






Soluiion 




Uaria.DLr* 


U.liu«- 


fO 


C3 


4.B953B 


2.971e-13 


C5 


0. 104393 


-2_3<S2e-l3 


T 


252.039 


-5.929<?-ll 



Ta 273 

U 4 

Dhr-l IDOOO 

0rv2 -10000 

t 1 0.003661^4 

k2 0.0D035S174 

ra -0.0174361 

rt? 0.0 3 73389 

vfj 0.66Ŭ6S7 

fao 3.33333 

From POLYMATH we see that we get a C B = 0104 mal/dm 1 and a v = 0.67 
fiTn ĵ / Tnin This gives us a Ffl s .06963 mol/min whicb is aJso 100 njol/day- Tbe 
paramcters tbat work fcr this are as foUows: 

T = 273K 

Vo = 0,67 dm 3 /miii 

V = 4dm J 

f = 

C A0 = 



f£9 



a) Ttie first task is to fifld the equiliLriam ccmversion. Wc nccd 10 use [he 
following equations: 

4CJ Xg fT V 
K _C| _ (l + eX e ) z lTj 
C A C A0 (l - X e j 
(l + eX e ) 

XfcK<T + 4C A0 T )-£TK c X e -TK c =0 

_ eTK, -^eTK,) 2 -4(eK c T + 4C A0 T )TK c 

2(eK c T + 4C A0 T ) 
C p a{T-T Ĵ + 0.2^C pI (T-T ) 
* b -AH„-AC p (T-T K ) 

Then K changes with temperature so we need to come up with that equation: 

d(lnK p ) _ AH ra + AC p (T-T R ) 

dT RT 2 

lnK c =lnK p -lnT-lnR 

POLYMATH 

s-ai 

Pl^si_ __ ______>__ 

*i< InkpJ /<3\t ) = IDhn<L~Dcp- (T-Tr : ) / (R-T"2 f 16.96 

ŭi_7<L=-75DaQ 
Dcp^B 
Tr-3»a 
ŭ-B.Sl* 
Cpft.12 
?U-lUD 
cpi-L5 
eps-.S 

)tir«o>ip{In>p-La!T) -l_(Elj ) 

X*- («ssi-T-](c*s— ri i ep-*T*Jic-i-** <e_ s*)tc*T.-4* -_c*To> *T*fcc} } / 1 
?*(*p*»Kc*T.4-eao.-»l.l 

*-b- < cp_- (T-Tol *.S*epi* fT-1fo) ) / [-_h_x_-Etep* (T-_*) > 
T D = 3M ' T ( = 642. 3 



f- fa 



CPFS~A 



fl-Al 












Varlabla 


initi*i v* 


1UE MMijIlLOl 


vnlu,- 


KiMi-.-jjr. idiut 


Final *_2,i* 


T 


300 


642.3 




3 00 


«4Z.3 


Itlldf 


is.se 


18-98 




3.11 469 


3 . 1746S 




5-5 






0.9 


a.5 


nn;-x; 


-750*0 


-75000 




-750DO 


-75000 


Dcp 


6 


a 




B 


B 


■n 


J00 


300 




300 


ĴOO 


R 


e , ' i-; 


8.314 




S.Jla 


s.su 


ep» 


12 


12 




12 


12 


Ti. 


^e 


J00 




300 


100 


*p= 


o.a 


o s 




15 

o.a 


19 


kc 


ftfus 


701*2 




O.0O44TS2 


0. 0044712 


X* 


1.61B 


I.61B 




O.OTlOJSS 


0.D71O35S 


1A7^ K~ 


o 






,„^, :^ ;& n 


0.0710543 
T71 



We find that the ecjuilibriutn conversion is 0.071 

X = 0.0568 

To find the volume neccessarv we can then use the algorithm starting with 
the mole balance: 

dX -r A 

dV~F A0 



*$ 



Stoichiometrv. 



"MĴ 



_ C A0 (l-X) T_ 



Ertergv balance: 



x|-AH V + AC p T E ] + C pA T + e.C pI T 

c.A+eiC-1 v 



^pA+^pl 

Evaluate the parameters: 

_ 0.217 _ Efj, 1 ^ 



In 



0.324 R 1,340 300 J 



r-ri 



CDPS-A 
E 
R = 



confd 

1022.16 



k-0.217.exp[l022.16(^-i| 

A C p =2C pB -C pA =SJ/molK 

dInK p _ AH„+ŭC p (T-T R ) 
dT "^2 

fT AH^+ACpfT-T^) 



RT Z 



V [ R Jj T R J + „ ta T _ 

BntKp-^-^^ffi-^KeRT^lnKp^InKc+lnT + InR 

^fiaL^_ŜHL fc . fa JL. J______________Tl i f r 

\KcrJ MK Pr T R [ R J_T~^J + _?. 

InfJ-O-)-. F_______________Tj[_ J_1 [ 8 1 T 

170OO0.J 1 8314 1t 3O0J + |l314"T300 

K C2 - 70000 exp 9309.efe-ll - 0.0378 ln—1 



POLYMATH 



MiffKi=-7Sooa 



. 2 T qj>i*TDj / [— j_, . 2 -^i.jj-jj; 



Z-#l 



CPFS-A onfd 



= .ii7- eKe .(K 
i(c=7oooo-«xi>(5: 



h::-C- 


SSJ.H5 


300 


5«8 J45 




l.aeje^ 


0-217 


■ 0=-." 




70 DO* 


D.029(>ĴS 


0.0:S693S 




0.5 


c.JSBoei 




-0 ioas 


0.02679« 





o.oiatsoi 






-o.jjset* 


-a.i27gaj. 



We find that the volume neccessary is 15.4 dm } , 

b) This graph shows conversion and tcmperarure as a function of length. 



-1.0 



0.4 
0.2 



-95 



CRF&A confd 

c)ha CSTR all that will change is the mole balance: 



Tr=Ĵ00 
t)hrx=-?!;00O 

cpa-12 

Dep- 2 * CE-b- C5^i 

T» fx* ( - Dhrx<-Dci>*Tr ] * . 2 *epi "To-t-trps " Td I / (cjn*. J*cpi*5t"Dcp) 

fc».217*«ptl«I.t6-*37300-l/.T]> 

HC*700*0"<Kĵ [3J0S* (TT-TJ / lTr"T) - .OĴ-J8*lB IT/TT) h 

«"eso" (l-iO "To/ [ <l+epi*:0 *T1 

eb=3 -p-ao*x*To/ Hli-eps.**] "T! 

r»— *'<(?a-Eb-2/Jto) 




r- 14 



ĈKEbA confd 
We find that the volume necej>sary is 14-8 dm ĵ . 

d) The only thing that changes Ls the eriergy balance from part (a): 

dT _ U a (T a -TĴ + (-r A ĵ(-AH R -ACp(T-T R )) 
dV F A0 (C pA+ Q.2C pI + XAC p ) 

a _ 2*rl _ 2 2 g 

xr 2 l i " .25 ~ 

POLYMATH gives us the following graphs. 

6-A«]| 



d(TI/<Hv)-[(J*a*FTa-T>*(.r»)- 

-.2-<=pi*x*Dcpi ) 
d[xl/d(v)--ra/fia 
k«.217-— cp(J.aZZ.16-)Lf3QO*I.r 



TS*O00 
Must— 750-cHJ 

Tx-JOO 

<-Ul5 

vo-iao 



ac^MOO-e-H JĴ09 . 6- (T*-TI / (Tr"T) - . «***?* (*f/TF> l 

Cft*M_* (lijeĵ *T/ ( (l-eps-jcj *Ta> 
cij-:*caa-)C'T/ ( ( 1* — » ** l »TcU 
ra»'fc* [Ci-cfe-S/Ktj 



- 1.0 

O.fi 

- 0,6 
_. 0.4 

-- 0.2 



W 



CDPS-A confd 

e) For winter operation assume a temperature of -10°C. This is the graph: 

■ — l.o 

_0.8 

-0,6 
,0.4 



ifib.;»o ' jĵs.cc 

J=or summer operation assume a temperature of 35 e C This is the graph. 



-- 0.B 

0.6 



r-% 



■ 0.4 
. 0.2 



CDP8-B 

A -> products 



k t c A pml 



C O 



ĵ/i = ^ -0.4Re* 4 Sc'" = 0.4 Re ŭ * 5<:" ; 
0as 



Convective diffissive flux 
Reaction Ratc/Arca 



*A 



fe+"fe&? 



At steadv state: 



^ ( c A0 _cJ=-^- 

D K * A) (k 2+ k,Cj 



At Bifurcaiion point, 

a/J _ a/,1 






ĴAD^ = »j__-_^) 



F- ^7 



(a) 



Substituting this in (1), at s teady state: 

For equaŭon (2) having real soJution: 
As A 3 C„„ > 



w 



. M> 



Af> ^ ĵ, Condition for having M.S.S 

gfitoi 



Lowest C, D =-^2-^1^ 
* 3 2000 



*10" ĵ 



b) At bifurcatJon point borh roots of 



equation (2) for C* coincide for this 



C A 

c! -- s~ k * c *s>} _£™_ 

2* 3 2 

SubstShJting this in cquation (]) 



r- ^s 



l 2 ) ĥ+^ 



SkD^ 

D 
QAR*™Sc"*D„ ^ 



'2f 



Jtj + 1, - 



£>* 6 2Jt 2 D^5c" 



__■*_ 432(0. If* 
D o.6 2*2*0.] *1 UĴ 
= 430 

C/ = ^3O*0.02Ĵ Oi ]' ŭ 
= 15152^ 




r- m 



I) 



-r A = kC A ^ 

plu gS^g that into the CSTR mole balance and writing as a hmction of C v 

C A C Al 



F(C A ) = ^-^> + kC A 

t T 

F(y) = <xC A -|_ + G{C A ) 
Taking the derivative of that: 

dF I 1 . h 

-^— _=- + k = Q 



(2) 



(3) 



There is no point wher. this is true so this wil] oot have multiple steady- 



_ ^A 
1 + KC A 



(4) 



Plugging that into the CSTR mole balance and writiog as a function of C A : 

(5) 



F(C A ) = ^ A --^+ kC * - 
x t 1+KC A 



Taking the derivative oi that: 



(l + KC A 



(6) 



There is no point where this is true so this wili not have MSS, 

kC A 

(7) 



III) 



' lA (1 + KC A ) 3 
Pluggtng into the CSTR mole balance and writing as a function o( C A ; 

F(C A ĵ-%.-%U 'fivf g (S) 

T * (1 + KC A ) 3 l ; 

Taking the derivative of this: 



r- /^ o 



cdps-c 



confd 
I 1 , k-2kKC A 



Combining the last two equations we come up with; 

3KC£-2KC A( ,C A +C A0 =0 

. 2KC AŬ ±y'4KC AŬ (KC A0 -3] 



(10)&{11) 



Fiom this we can see that KC^ > 3 for this to be true. Next taking equatfon (9) 
we find that: 



2KC A -1^ 

(l + KC* A )* 



(12.) 



We see that the !eft side has a mucimum so to determine where it is we take 
the derivative and solve for where it equals zero. 



6K-6K Z C A _ 

(l+KC A f 



(13) 
(14) 



Plugging that back into equation (12): 



J__J_ 
tk~16 



(13) 



tk cannot be under 16. Now taking y - CJC^ and plug into equations 
and (S) we come up with the followlng equations: 



(10 



KC 



y{2-3y) 

Tk _ (l-y)(l^KC Aŭ y) 3 



(16) 
(17) 



We can then come up with the followLng table and graph: 



r- /oi 



i 



The rate Iaw is: 

. kC A C 



Ahĉ. 



y 


KCao 


tk 


0.075 


7.51 


47/1 


0.1 


5.88 


36,1 


0.15 


4.30 


25.2 


0.2 


3.57 


20.2 


0.32 


3.00 


16.0 


0.467 


3.57 


21.7 


0.5165 


4.30 


31.2 


0.5666 


5.68 


62.1 


0.5916 


7.51 


111.2 




>*J%$& 



A 1 + KC A 
Pluggirtg that into the mole balance fcr a, CSTR: 

F(C A ) = 



(1) 



t 1+KC A 

For multiple steady-states to oceur equation (2) must be true as well as this 
equation: 



i 



7- /02. 



tonfd 



dc A | c; * ci+Kc A r 

There is ™ quantity of C A wh« e Ŭ& I» true » Ihere are no «gto wh ere 
multiple steady-5tate occurs. 

CPFS-E 

Energy baiance over sy stero from Z *= to any Z 

Eocrgy baĴance over svstem fiom Z = to dZ 

0-§ -XF tf ftt&te+f ACpdrj - ^JxF« U^TRj + ^CpdtjJ 

-F*B-»i.[ CpidT + ^ FAftEBil CpidT 

Subtiaciir.g 

ĝ-^F^j^fTRjtf iC,dTjU^ko^«| ^dT 

Bu, ^[^I0ij[ C P id T j - V«**!fc£* jr£«^<r - ACpg 

aivsĝ = UA(T A -T) 

Energy balancc beoonKs: 

UA fr* ■ T} - F^fcc AHS foj + ŭC, (T - T R j g-Xf « ACj g - F*» Sft <V$ 

wSlL= UA [T - T A ) . F A0 [x AH° (Tft) » ACp [T - Tg)] ^ 
<£ F^ll&iCp. + KACpJ *& 

Maierial balantt for SO2+IO2 -4 SOĵ 



^ /03 



OĴE&l confd 

F A<tK A ={-r A )dW, -r- k Ejp B k 1 

*$*&. "&■* o.i i, ^ * o.i *$£ = 079; _j a , _ , __, _ __i 

*__ <* Co^RT =_ C^R T fe__Wxl . , JW P.ft»__ t __3ci 

1 1+£ X 1 *?* l 1 ^ -' 

*,_. = Cso.RT _ C___a__ y A0 P.x 

f!___^_______^r 

L 77_r jl I + eX K,[-_j^_>]'j 

r* = fc![i^jW_i_a____Sx) _______] 

Withp_ _i5oib. . D _ lft . __^_l__M___0_ in _it 

N y*o5 M0.11) HU) - -0.055; y A _ P „ _ o.Il affi _ 

* g- ^^(^fH_____j__^._^_____] 
^ lxi[ i. ora i_^f^j 

5*ould foI ,_ w __, fof «_. ___ W ™ ^ *• •*««• of 



T_..T ad _(g^ iz 



f-m 



Find tempe 




Condinons on reaetor 1 are futed; ihcreforc. the ontlet conversion. X FI . from ihe 
fet teactor is dctennined. This value is nsed as a an entrante condirion for reactor 1 fl» 

ovcrall convcrsion can then be ir_ximi_cd itt a procedure idenricai to that otnlio- in problem 
P-S, 

cpfs-< ; 

a) ^^^^i^^c^op^^^^^^ ^ 

T: a ru.une S1 m_ar .0 that oudined fi PS- S ^ ^^ ,__ ^^ ^ pg _ l0(a) ^ fc 

St ^L^^ ^^™^^^^ 11 ^^^^^ 1000 

LcT « S? f* ""^ "^ *" "■ ^«^«^ cc** .hen X F2 
«cccds 0,91 Jnstcad of ^, «^, a roo(ine sinii]arm ^ ^ fc p J 2 

mimmiziiig thc <qi_i COS[ f UI , cli on «_) _. implcmcnitd. 

b) This pmblcm appears to be a r-o-vari-ble opdnuatior, Ene^ haW « be 
ised to characterizc d» stearu conditions. i.c. * (0, T fo Tp , X F j - 0. By _,_ ovemU 

"^SjC ™ T^ĴT ^ * ^ ^P^" 1 " 1 & ** form 
F 1.8 X F + 773 °- 

whichLsanadiabaticencTgybalancebcrwecranvT ^-r ^ 

fiJ «i«; L*iwccr any r and T F . given any conversion X F 

^bjanc^baJariccc^meheatKchangerandc^tor^ ♦ fO,T .X 1 T_) = 

W thert :« thieepieces of ^HI^ incre are ihre* ir_!cpendeni en=r__ 
"*«* From thŭ ***_, thc unk«o*-s ___ : T F , X_, T 2t T and T x . Therefore, any 
£#£**** ™ bc *_ io chaiactcri.c the svstem. A n opdmum wbrout__ could 



Thcn graph; 
the maxijnu 









Once the ien 

heatingcoii. 

_ 90 *.# -130 ,15000 

CDPfl.I 

Find the maxi 
From $-20 






CDP8-H 

Find temperamie where the concentration of B is ±e greatest 



m k : c A 

„,Oxl0V f ™ WJ, * r,) 

Then graphing those as a function of temperature gi ves Lhe foljo^ing graph whe re 
the maAimum_ofB occ urs ai 643 C R of 1 85 a F 




750 



aso 



= 361/f 1 



550 650 

_^___^^^^ Temp, R 

£&| ^P™^55I15Sle energy balance to d55E__ the area of the 

„ _ f^r, +f-Ag„, )f-r,, ip + f-Ag„,ĵK a v) - F jn c„r 

-^*-S*l3Q + 15OW^199lM-. ^*3 _ 2 5 0oo , j0|ŭ6 „ 1WM< , ,, n _ w ._ 
■111*184^.111*212 " " 

£_____! 

Find thc m_ximum of G(T) 
From 8-20 

G{T) = (-__.-_.)*_ 80000 *_f 



7- /Dfe 



CDF8-I 



ronfd 


K = \Q0e 


WXO<K't,\l<K&~l'T>) 






T 


k 


K X 


G 


396 


0.6034751 


276.40849 i .85519442 


68415.5532 


398 


0,777823 


155.831203 0,8813724 


70509.7923 


400 


1 


100 0. 9009009 ! 72072.0721 


402 


1.28242936 


60.6065371.0.91367851 73094,2308 


402. 5 


1 36418749 


53.5164184,0.91575967' 73260.7736 


403 


f.45093538 


47.2703356 


0,91736725 73389.3801 


403. S 


1.54296375 


41.7560986 


0.9184318 73473.5441 


404 


1.640S7945 


36 9140939 


0.91908048 73526.4385 


404,5 


1.7441063 32.6357129 


0.91913633 73530. 9S04 


405 


1.85333595 28.8619781 


0.91862084; 73489.6672 


405.5 


1.97027887 


25.5323441 


0.91749833 


73399.8661 
7Ĵ25B.5069 


406 


2.09366529 


22.5936505 


0.91573134 


408 


2.66550133 


13.8953936 


0,90132096 


7210S.6766 


410 


3.385S3S85 


8.58647606 


0.87260063 


69808.0502 


412 


4.29010273 


5.33075524 


82583193 


66066-5542 


The maximum 


K vaJue oecms s 


ie 404.5 K and the G valtie 13 73530. 



Find where R(T) equals GCD 

_T + xT„ _3\0 + K*3lO _ 
7 <r - 



l + K 



Solviog R(T) fbr k, K = J 8-45 



l + K 



*73S0 



a) Starting with the mole balance in a "fluidized bed" 

vq{C A o-Ca) 





- r A 


_ w 

v o 




_ ^AO ~~ 


e^ 


k.C 


A 


- C A' 


-c A 



k_C AŬ (l-a p ) 



r 



CDPfrJ 



Using 



Finaljy; 



k 

c ) W e need j 
quantity pr * 



r- /° 7 



CPPS-T confd 

« p = ^ 
? 1 + kjG 

Using the mole baJance on p 

e = _S_ 

k iC A -k 2 C p 

c P = a P e p c AŬ 

fl^ a p e p C AI> 



k i C Ao(l- a p)- a p9pC Aŭ k 2 

e^c^ -ekjC^ -ta p e p c AO k 2 =« p b p c ao 
eki-ek^p^eopBpki + KpBp 

k t e 



«i i- 



i+M 



-fi+ek 2 ) 



Fina]ly: 



^ C A"k 2 C p 

C p = C AOl 

c Aon 



k^fl-otpj-k^t, 

M(i-« P )-k 2 er, = n 
n ,A_J±Mi 

l + k 2 8 

c) We need equations for the rwo k's and the 
oua_ility or equation is known. 



equation to find a. Every other 



7- /08 



CPFfr-J confd 



^Ll.9S7l423 Tj. 
K [ 1,987^423 TjJ 



~f C PA (T - Tp ) - (-ktC^tl - g p ) > ^149000) -((^^(l-gpj-k^n)* (-78 
U{T 3 - T) 



Where T is in "C We then get this table vvhere with these equations and the 

temperatures given we find the G where the concentration o( P is maximized. 


T 


k1 


k2 


a 


Tl 


a 


Cp 


331 


3.3252E+22 


383868745 


1 


0.5714367 1.53251186 0.000254« 


365 


2.3357E+23 


950289557 


1 


0.35414693 


1488,271 


0.0001578! 


423 


4.185E+24 


3636190933 


1 


0.11194938 


1642.11894 4.9929E-0S 



d) No solution will be given. 

e) No solution will be given. 



f - /oi 



CPPS-L 



T C A 



Assummed 

p, C p , AH tonstant 



v oC A ŭ- vC A + — r A= — 



v <it v 



UtC A = C A0 (l-X A ); t = 



givmg 



dX A 



-X a+ tv = F(X aj ) 



Rate equation: 

-r A = kC A =kC AŬ (l-X A ) 



19870 ri 1_Y| 

1.987 U 303.2 )\ 



k = k34jexp 



r = k(l-X A ) 
Energy balance: 

Q-W i + v o pC p {T -T) + AH*r A 'V = VpC p ^-V^ 

Q_0; W = 0; — = 

dt 

_ _ AH V V^ dT 

T - T+ pĉ: r ^^^d7 



i= 



pc p 



^. = T -T + TTr = G(X A ,T) 
a) t for exlinction and ignition -C AŬ = 5 gmol/dm J 



1 (.9)(1.2l)(l000) 
kju = 1.0 min" 1 



-■70K 



2-- //o 



CDPS-L confd 

Relations become: 

-X A + rr = 

T o -T + Tjr = 
Energy balance becomes: T - T + JX A 

*A _ ___ 



"r{X A ,T)" 



k3o(l-X A )exp 



*f_L LJ 

■ [J + 1X A 303.2 ; 



Tau vs conversion 



0.2 






Ŭ.1S ■ 

o.i ■ 

0.05 

i 


* — - — 


*♦♦♦♦ 



; 



Conversion 



Could do numerkally, bur not difficult anaLvticallv. IG/EK pfiiBts are where: 

^ = 
dX A 

ln, = inX A -Ml-X A ),^^ r ^]-b,K 30 

_d_j_ T = J 1 io 4 ? _ 

dX A X A 1-X A (T + JX A ) 2 

f(X A ) = J— J ?Xl ° 5 2 =0 

K *> X A 1-X A (293.2 + 70X A ) 2 

Roots are: X A = .1567, 0. 7881 

Giving T - 0.16728, 0.05163 

nction curve and ignition-T fl = 20°C T = 0.1 min. 
ly in J. Need to find ] limits. 

,^ +uu J__Ŭ__Ji) 

303.2 ^ y x A ) 



t - /// 



CDPS& co „t'd 

T + ĴX A = 



3032 *\ X A J 



X A 



l + 0.O30321n| 



ttttffl-jej j J ° 



J vs conversion 



*♦♦♦♦♦♦♦♦♦♦♦♦ 



fl;s 
Conversron 



To ftnd the analvtical solntion- 

and solve: X A = 0.0921, 0.7437 
J = 110.01, 59.812 K 
C M = 7.8579, 4.2723 gmol/1 
c) T ? for extinction and ignition t = 0.1 min C AŬ = 5 
Simikr pr ocedure. T ff only eftters in energy balance 
T . 303,2 

T ° = r ; >h -ĴX A 



- 0.03022 Inf^fc* 



*J 



303.2(.03032j[— L_ + J-l 
I-0.03022lnf^!(i^A}jl 



dX A 



(very similar to J case) in fact identical! Except that J is fixed and T varies 



r- ni 



confd 
Plot of T ( vs X A : 



To vs conversion 

300 t 



295 

2 290 
265 
280 



N*? 



Roots are: 
Giving 



X A = 0.1636, 0.7902 
T = 298.04, 285.37 



[All Toots are found with POLYMATH] 

2) 

a)F = 0,C = 

F = G = 

-X A + tr = D T o -T + jTr = 

-X A + Tk(l-X A ) = T -T + tJk{l-X A ) = Ŭ 

A I + kr xjk 

PLoi atcached. So) vc $imultaneou5]y for X A and T for t = 0. J mir T k Vj = 1 min"', J - 70 ft, *» 

= 293.2 K. 

Solve above equations simultaneou5iy to find stable and anstabie points 
f(X A ,T) = -X A +Tk(l-X A ) = 

g(X A ,T) = T -T + Tjk(]-X A ) = 
Use POLVMATH to find the roots of the equations. 



t -i^ 



Biuaij.ans; 






laĉti ' 




flJC) — K-tffJ-kVl-lt) 


0.915S 




ilT)«TO-T*t,aii-.J»k , < 


l-xl 




159.39 














k=l-fatpr-le4*(I/T'l 


'303.21) 








10=233 










Roots are: 




X A 


T 




1 




-00444 


29631 


Stable 


2 




,4186 


3225 


Unstable 


3 




,9455 


359.39 


Stable 



This graph is also made from the equations showing the intersection oi the 
two equations. 

— Ccmversrjon-- Temperoture Phose Plone 




c) Separatrix-shown on Phase-PIane plot. 

Found hy solving; 

dT _ G _ (293.2 - T) + 0.1(70)k{l -X) 

dX T -X+0,Uc(l-X) 

for various inltial conditions at X = or 1, until trajectory went toward 

unstable point. Triais and etrors were- 

T " J f T , T f 

317-2 327.2 337.2 318.1 

316.2 318.2 337.4 318.3 

3167 324.5 339 320.6 

316.6 3242 340.4 315.4 

316.5 322,4 339.5 322.5 
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CPPfrL coitfd 



Conversion 


- Temperoture Phase Plane 


| 


i I . j^y 


1 


1 .// tW* 


- 


47 \ff/ f 




-t 7r ,-.*,.-. 



"solution i_ unstable near {0.4186, 3225), but integrations went smoo__y 
except for one case. 
POLYMATH wiil only intergrate from lower to higher X, so equation was 

rewTitten with 7 = 1-X, as 

dT 293.2-T + .l(70)k7 
_7~ _(l- T ) + 0.1ky 

d) Phase and time trajectories 

The equations 

-*„-X + aik(l-X) 
d9 

— = 293,2- T + Q,l(70)k(l-X) 
WBre solved simultaneously with POLVMATH fet the three cases. 

Time responses are attatched. 

Discnssion: 

Case 1:(45*C, 0,3):Reaction "extinguishes" after a momentary increase» 

conversion. 



?~ li^ 



CFFS-L 



Case 2:(50°C, 0.3): Reaction "ignites". T and X overshoot slightlv Fina.) 
stabthjtation. is rap^d becasue of the high temperature (and hence k). 

Case ■ 3:(fi5"C, 0.9) ; Reactor "ignites" after significant dips in T and X. Reactant 
had to build up sotnc before reaction could begin to raise temperature. 



Time Trajectoiies 
CaseĴ 

9 K 
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Separatrix 



Upper 



Iat»r)tinn ftrtirlji 
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iMii 

s.tni 

1.5114 
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317.31- 
132 .a- ; 
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JZl.71 

322.53 
322. 4J 
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Time Trajectories 
Casel 

Cne. £ Sdiibilit Rttetar 



Ĵ.35flf 

Ĵ.J(J» 

1 .13« 

l .«w 

: ■•■::.■.• 
::..-.':::. 
■>_ ■■■: ,:; 

. • 
:. 

4.2fflfl 
4.35BS 
4.)fl« 

L»n 

;.4B« 
;.«m 



: ■ 
.•:•:.. 

.5381 



Djfl uics 
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B.SMff 

s.ms 
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l,3«fl 



MHi 



Case 2 

lifiitiC Rt«tflr &an* 

fl.HBT 

fl.KN 

|.3fji 



S.UJ7 
l>«!Si 

fl,34?5 
S.Ufl] 

fl.ilS3 

.. ,.-,■.■ 

1 »344 

141» 

J.1J3* 
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AdiiAiti: 5?»**tor Zyin-.it. CASE 1 
l.ll- 

f.13 ■ 

M* 



X 



ns ts i.« 



315.H- Ni 



Mil 


itie a*»ttgr Dynuic$ CASE2 


Ĵ.B3 


/~ 


i.-rt 
V 


; / 


3.-.S 


^ 


8.24 


.11 *.« r.Sfl 1.1* '-*" 



Casc2 
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CDF3-N 



a) Using only P as the solvent we come up with the follovving as tĥe ecuations 

for the equilibriuiri conversion. 



=i{ci- 



-r A =0 

C *JŜL 

Cao(^-^) = 

X.= v^L 

1 + #I 



M 



The ecpation for the energy baJance part is this: 
-Aff„ 



We then need an eguation for K t . (Assuming that K = 2 when T = 280K) 

exp [ R I28O tJJ 

This graph is the result of these two equations: 




i 



We find the equiUbrium temperature and" conversjon are 305.7K and 0.064. 

?- I 16 



CDPBhN confd 

b) Tĥe same equations are used ĵust the inert has been changed: 




The ecjuilibrium conversion and temperature are then 30I.6K and 0.097 

c) To find the place where the conversion is the maximum depending on the 
inert we must come up with the new energy equation where the inert 
amount can change. 

where y is the percentage of P in the inert We find that the maximum occut* 
when only Q is fed in. X = 0.097 
CPP8-Q 

Gas phase reactions: 

A >2B 

2A + B *C 

Wnte dcsign equation m terms of flow rate since therc are multiple reactions: 

^ = -tiC A -k 2 C A C^ ^--k^C^ + k^ 

£0 
ii] 



= 2 * exp 






«2L.S 



c B =c, 



^ fl T n 



Also wriie cnergy balaitce in terms other than con version: 
dT -AH R l*-r AL -AH R , *- r> , 
dV ~ *V<^ 

The foUowin* is the POLYMATH progrflm used: 



7-/11 



CPPB-n 




fe=ioo 

To=S36 

eb"Of£b/ft*TU/T 
^"-^•KHVt-El/.R^l/T-l/ilOJI-e 
rt2i — •****¥(-.« /R-d/T-l/Sss) , , 



POLVMATH give, fce folJo^ing tabJe for* e mMm «.^^ 



1 M 


10« 




e,?12Ĵle-os 


r 


91.3921 




5J6 


-20000 

10 Ŭ 
50 


140 




-2A00O 
-40*00 
IDfl 
50 


1.9*7 


5J00 




5010 



f- /20 



i cont'd 

V = 7.i2dm 3 

[>) POLYMATH givcs the foiiowirtg table for the masjrninin temperature: 

V = 6.82 dnr 



; 


6. 62 


C 


t.aj 


100 


100 


o.oonssii 


Ŭ.Q0i4591I 


-'-* 


1005.52 


53S 


1005.52 
95,2381 


-100 00 


-2C0D0 


-20000 


-20000 


-4DO0O 


-4D0DO 


-40040 


-40000 
100 



r* 


-19.1451 


-0.6027 


rb 


iĵ.lfifil 


Sfl.osu 


CPP9-P 

Gas phase 




2A^ 


a) 






dX -r A 







^-a 



-0-ŬDDĴ-J33-J-» 
■ 0.002"' 4685 
3. 0020001« 



C,-C„X- 



f-l^ 



CDP8-P cont'd 

- 0-x)- 



L 1-987 1,273 T, 



dX 
dW S 



CD 7 fi-X) 2 - 



100 "exp 



-loooo f 1 _P 

1.987 1,600 lj 



j_ 323i X(1000Q) 



Equilrbrium 



'.# 



□ .B - L 




| At a temperaiure of 108 1 K there is a equilibrium conversion of 0.61 
c) (0.98X0.61) = 0.598 

The folbwing POLYMATH program is ustd to determine how much eatalyst weight is 

needed to achieve ihis conversicn. We fuid that 42 kg of caiaJvst must be used. 



y- /^2- 



£EE&-_E cont'd 



J)»)Jd>. 


. t« 


f-*i 




to=323 








faa^lDO 








MlTl*-L000* 






CPJ--S 








S*40»0 








h»1.9S7 








T-To*K*( 


■Efc-rl 


► te* 




?a*cu>* L 


l-3S>- 


Tn/T 




eb-eio-* 


-TC/T 






i*. m d *•>«> ( ohcl /S* ( i / soo 


-1/TI i 


fc-JD*«*p 


:e/3s* 


U/*"-l/T> 








Haj-.lmulll value 



0.01*0433 
1*2049 
11*2.« 
-0.125*2 



2.S0ST5 

33.9416 
-2. 52-04 1 



1070,5 

g Di;i^as 

O.0-.40431 

S.S0S75 
■7292. 68 



f- /2-3 



r Solution Manual, Chapter 9 
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Chapter 9 

An open-ended problem that requires students to 
problem and soluijori- 



create and original 



l>!^? ■' \.P ro ? em - *J*» P^blems build in the Living Exam P le 
Pmblems m thls chapter. By this point in the point the studL isTn a 
position to carry out in-depth and meaningful parameter sensiSvity studies 
IMhere » only hme to assign one or two parts of this problem I would 
choose part (a) and then either (d> or «. However, one could rotate the 
assignments of (a) through (e) from year to year. 

P9-3, Although this problem on an explosion fc a continuation of F8-3 it is not 

to calculate the hme before the reactor expIodes. 
P9-4. Altemahve problem to P9-3. 

P9~5. Straight fonvard probJem on heat effects in a semibatch reactor. 
^' ca^ions" **' ****** ' * * ^*** W Mt * kf S e »«** B 

P9-7- A straight forward problem conceming an adiabahcailv operated fetoh 
reactor. AJtemate to P9~$ and P9-9. F 

P9-8. Straight forward adiabatic batch reactor calcuJation. 

P9-9- SimiJar to P8-19, but with different specific reaction rates. 

P9-10. Start up of a CSTR. 

PM1 ' mu^bTv^ w ard * emibatch reactor P™ bIem - ™* volumetric feed rate 
must be vaned, but within certain limits. 

Problems P9-12, P9-13 and P9-14. involve the use of controllers during the 
beSse^the t^ ^ ^'f ^ P r ™ d * ™^ W»f * . . proĥems 

SC^SJ* can vary the con * oi paMfS * nd obs ^ the 



: P9-1S. <Pro/. Fogler: Anphing going here?> 



P9-16, 



The poml of this problem is that what we learned in chapter 8 about the 
diherent multip e steady states being stable is not necessanly true. One vvill 
fJid .n this problem that the extinction temperature is not exceeded, vet we 
srm raii trom the upper steady states to the lower steady states. This probiem 
also alIows the student to expJore the parameter space. 

p.9-1 



^rd Edition, Solution Manual, Chapter 9 

P9-17. Livtng Example Problcm 8-12. Can serve as a basis to study the adiabife 
operation of a batch reactor, 

P9-1S. Straight forward problem on parallel reactions in a semibatch reactor. 



P9-1 

i F9-2 

P9-3 

F^4 

i P9-5 

P9-6 

> P9-7 

P9-8 

P9-9 

P9-10 

P9-H 
» P9-12 

P9-13 

P9-14 

P9-15 
» P9-16 

F9-17 

P9-1S 

CDF9-A 

CDP9-B 

CDP9-C 

CDP9-D 

CDP9-E 

CDP9-F 

CDP9-G 

CDP9-H 

CDP9-1 

Afitffi***^ ^^ as sjgned, AA = Always assign one from the group of alter^t^ 
O = Often, I = Inirequently, Ŝ = Seldom, G = Graduate level 

irTp^oblems that have a dot in conjunction with AA means £h*t_ £*■* - 
problems, either (he problem with a dot or any one of the alternai^ 

always assigned. 



jrd EdiHorv 



limĉ 

Apprc 
proble 

Difficuitv 



A,ssigned 
AA 
AA 

AA 


S_umm_ 

Alternates 

2(a),4 
2{a),3 
11,18,A 

2(a),S,17 
2(a),7,17 

lOb/a 

5,1S,A 

13,H,15,B 

12,14,15,B 
12,13,15,B 
12,1 3,1 4,B 

(a),7,8 
5,11,A 

5,11,18 
12,13,14,15 


p_i[fi£ul# 

MD 
SF 
FSF 
FSF 
FSF 
SF 
SF 
MD 
FSF 
FSF 

SF 

SF 

SF 
MD 
MD 
FSF 
FSF 
FSF 
FSF 


Time 

75 
60 
60 

75 
45 
60 
60 
60 
40/40 
60 
45 
30 
30 
90 
75 
60 
90 
75 
75 


Soluhon 
Given IMJ».'. 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


SF^ 
FSE = 

1C =1 

M = ĥ 
OE = 


AA 
AA 


AA 


"Note the Jefl 


A A 
I 
G 




AA 
G/AA 

G/AA 


Review of 1 

and Ass 


G/AA 
G/AA 


Open-ended 


G 

AA 
A A 
AA 


Straight fon 
Fairly Straig 


AA 


More Diffici 




Critical Thir 



p.9-2 
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pKT* ^ " "**# ■ *« «* * *» ***** to ** lhB 

2iffi£ult¥ 

SF = Sbraight fonvard remforcement cf principles (plug and churf 

IC - Intermediate calculation reauired 

M s More difricult 

OE = Some parts opert-ended. 



Note the leeter probiems are found on the CD-ROM. For exam P le A m CDPl-A. 
Sununarv Table Ch-9 
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Cbapler 9 



F9-1 No solution will be given 



P9-2 



a) To show that no explosiou occurred without cooling failuie. 
lsothcrmal operalion throughout <J = 175°C) 

Maximum cooling isSSi 

J2 r = W4[448~2&-S] = 142*150 

= 21300 BTUAniii 
Maximum Q at i — (ma^imum concenu-arioa aud reactiao raie) 

= o.oooi l^r 9 - 04 * 33 ]^^^ * 10* 

L 5.119 j 
= 15914.2 BTU/min 

For all t: 

Qj < 0, No explosion 

To show that no cxp]osion occurs with cooliag sbout down for 10 mi. after 12 brs. 
Isothermal operatioii for 12 hrs, (at T = 175°Q 






= 1.276 



e B -ix 

3.64 - 2x = 1.276* 3.64(1 -x) 
x = 0.3S 
Q s at t = 12 hrs. 

= 77844 BTU/min. 
Adiabatic operation for 10 min. UA = 
After lOminutes 

i~4 



EP-2 confd 



«Ŭ. 



x = 0.3S5, T = 184'C 
Q fl = 10000 BTU/min. 

When we restart the cooling flow rate 

0,1™ = 21300 BTU/min, 
Temperature will diop to 175'C 

Nfi ex p]n<;ir^ 

b) Usng the Same code as «eo in Examp] e 9-4, we W ere abl e to change the varicus 
pammeters, The two graph* we have show T a = 70 and 120°C, T s = 1 60 and 
40°C and C = .1 aud .2. Each set of parameters had a Temperamre time 
trajectorj, and a tempcn^oncemration phase pJane. &£££> ft£ graph, 



J*empl* 3-1 Siartup o* a CSTR To=7Q, Ti«tS0lj, Cai 




a CSTR To^O, Ti=l60, Cai=.i 



<?-s- 




a CSTH To=l20 Ti=tG C*l=-2 






c) Using 9» code froro Exarapte 9-5, we could produce the followuig graphs ejther 
by changing T aod fmding the steady-state convejsioa orchangirig the coolam 
flow rate and finding the steady-state eonvereion and tcmperature, These are thc 
graphs of tho&e. 

Conversion vs To 





?-# 




ferd grapb shows wh at happe ns Xn T - fi? Vhl 24 ^ 5 ^^- Thc 
low er temperature, PP ^ ^" r « ~ 65 - rt t*comes unstable at 3 mtich 



9- 7 



P9-2 confd 



Exomple 9-ĉ Imegj-al Conii-ot ke=24 




E* t <mple 9-6 Irneg^al Control To=65, 



e) Using !he code fram Example 9-7, we can change the values of k, and x, aud 
flnd values that produce the lowest oscill&tfons and the quickest retum to steadv- 
state and getiins k, = 150 and t, = . L The foUowing graph shows the resuJt, 

_ Exsmple 9-7 PI ContrDlt-r kc=t50 i S li=, 1 



q 



f-F 



Fuidd ^^K P b S jon 
^^^fefe^j/60^. 



ti 



T CR) 




2 -** 3.ZB 



F9-4 

Mole baJance: 









F„-F c + Wc B 



There is no A leaving the teactor so F A = 0. There is no B or C cnteriiig the reactor 
so F w and Fv*, = 0- The amount of B and C leaving is equal to the reaction [aie so 
F B = Vr H and F c = Vi c . Simplifying: 






dN A 



dt 
Rate law: 

Stoichiometiy: 

*-* 

Simplifying: 

^V - kN A 
Energy balsnce: 

" #*£* 

Evaluate the parameters: 



$-/° 



IS2J R\m 400) 

£ = 3467 

T.a.3i4Uoo rJJ 

Aff(4O0) = -8#/™>/ = Atf(SOO) = AH (1200) = Aff (7} 
reactor. We can pbg fcese e^uauons ioto POLYMATH and get this answer. 




100 



N A = 326.125 

When the. fbw £ rumed off. F w = and we gg & graph of T and K A . 



?"// 



P9-4 contM 



F»^ 




Semibatch problem 




Partfa) 




MoJc bafagg? ; 




dt 




Raiclavv ; 


-ra = k{T).Ca.Cb 


Stoicluoinfitiy : 


17 



1F (t<50) THEN (V = V + u.l) ELSE (V=V + 50) wbere V<j = 50 dm 3 . D = 1 

dmVmin 



-ra = £(T), .- — 

V y 



<f-/X 



EiJ conl'd 



k(T) 



ko^O.OldmVmoI.tJUD 
To = 300 K 



" A L 7b T}\ wherc E = iOOOO cal/moj , 

R- 1.9S7 caVmoi.K, 



Eaergy baJance : 



^LVMATHsoIution P9 



where Q = Ws = 

AHnt(T) = AHntCTref) + ACpflT-Tref) 

^"f-O-f^- Q«-30- 15- 15-0 
AHo(273) = [RlH . 20H , I5)ĵl()Ĵ = ^ 

cal/moi 
AHrtCH^ -6000 caj/mol 

SFio.CpiCT-Tio) - Rx>.(15).(T-323) 

SNI.Cpi = NaCpa + Nb.Cpb + Nc.Cpc 
~ !5Na + I5Nb + 30Nc 

5B part(a) 



f - /J' 



F9-5 contM 



» 



F9-g 



d(Na>/a(t!.=r**¥ 

d ( Hb i /d< c t = ( ra *V) *fbo 

d(Mc|./d(c|=-ra"V 

d(TI/d(t).= ( (6000- <-ra»V> ) - (FianS- [ 

Wb)-t-U0*Nc>> 
d[x)/d[i:) = (-ti-V}/Ha<j 
Fba = i f [ t<:£C ) them 1 0) e I == ( 0) 



-321))>/((lŝ*Na.>* 



[iDooo/i.se?)*((i/3ao)-<i/T)t) 



-1.96SS6t-a5 




9- *$ 



£^S confd 




Part(b) 

Asforpan(a)Kcept 
Encrgy bajance ; 



«-5 (b) 



* _ ZNicpr — — 

wb ^Q = UA(Ta-T) UA-100,Ta = 323 



500 

*0,J551 
499. 6Ŭ3 

476 .355 
0.9992D5 



1B0 

<f.Ĵ97il8 
0,J*7« B 
«S.S93 
3IS.ĴSŬ 
5.39J205 



o-ooesĵsie o.4? OŬ<l9 



f-/^r 



F9-5 contM 




Fart(c) 

A$ for part (b) escept : 

Ratela*: -ra = kl(T).Ca-Cb-k2(T).Cc 



«CD = ^{f(^-7)] ^«,5 = 16000, R = L987, 
ko=10,To*300 



Kmtlavo valuc 


jsjaaat 


£**!» 


Final ralut 
180 


5D4 


SJ.S-JSZ 




S2.HH 


*37.0?4 

O.Bl4l*8 









62 . 9165 
«1 . 07* 

3B3.*T9 

0.8H148 



0.00393518 
B-JS15le-0S 
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E£i£ confd 



Part(a) 

Mol balance : 

Rate law : 

dNa _ 
dt 




12D.1M0 Lan.ooo 



-ra = k_Ca 



But Ca_V ;= Na 



'rdNa 






Na^Nao.e* w hc re Nao = 0.5 x 50 = 25 

Eaergy balance : 

^T ĉ- Ws - ">*>. Cpi(T~ Tio}+ {-Wrx)(-rg.V ) 

dt X«"'Qrf ~ = ° ™stantT 

Q-Ws = 

~K.Cpi(T - Tio) = (-ŬHixX-ia.V) 

Fco.Cpc.(T - Tio) = ( AHix)(t.Na) 

= (-AJHnO(k.NaQ,e tt ) 



9- /7 



F9-6 confd 

(-£Jirxl(kNao.e-*) 
Fc ° " Cpc.(T- 7w) 

25000 x 0.00012 x 25 x eap(-QjQ0QL2 x 2 x 3600) 
05.(100^30) 

= 3.16 lb/s 

Pfcrt(b) 

^^lOOOBtu/lb 

Nao = 25 Ib/mol 

Vo = 300 ft 3 of wbich 250 ft 3 is solvent 

f=° 



Fs. X, = = (-AHnO(-utV) 
_ (-AffietMMfoo.g- 11 ). 25000x000012 x25xexp(~0jQ00l2x2x 3600) 



1000 



= 0,0316 Ib/s 



F9-7|> 

Batchproblem 

Mol balance : 

Rale law : - 

Stoicbiometry : 



A-fff 



^ 



-raV 



Cao- 



-ra = kl.Ca l/3 Cb ! ^-k2.Cc 
Ca = Cao(l-X)-0l(l-X) 
Cb = Cao(1.25-X) = 0.1(1.25-X) 
Cc = Cao(0+X) = 0,lX 



f-/^ 



E£_7 coaVd 



J3f4~- 



*2{I) = to.exd-f^-. 



f)] 



E = ] ŬOOOO J/moL R = 8.314 J/mol.K , 
ko = 0.002 /s,To = 373 K 

E = 150000 J/moL R = 8.314 J/moI.K, 
fco = 0.00003 /s, To = 373 K 



Energy balance ; 



dT _ (-AHrx{D)-(-m.V) 
dt ^_Ni.C P i 

wbere iNLCpi = NaodŭCpi + ACpX) 

ACp _ -. Cpc — .Cfb - Cpa = 40 - 25 - 25 - -10 
a a 

V ft. Q?f = — — . Cpa + — — . Cpb +— . Cpc 
Ca<? Cao Cao 

= 25 + M $/ M 25 + * 56.25 

AHrx(T) =. ŭJfctCTref) + ACpfT-Trcf) 

= -40000- I0.CT-Z9S) 

v _ Nao 
Cao 

gf [40000 + IO.(r-298)]/-ra.— ) 
dl ' ' «»(56.25 - 10X) 



caneelling 
POLYMATH 



[40000 + 10.(7 - 298)J. (— ) 
(56,25 ~10X) 



f-Jf 



P9-7 confd 



d!xt/<i(t)-(- l :*l/o r l 
a<Tt/d[tfH[*OOOOM10MT-IS6)>l*<-rahMl/0.1))/!5S-2S-ilO 3T3 
*xj) 

ki-o .oa:'«Kpi (lDoooo/a , iit > * ( (1/371 t-ti/ri» 

C«.0.1-(l-it) 

Cb=0.1"|I.25-Xt 

fc2=0.0000ĵ*fcxp( (150000/B.3U) '{ (1/373) -(1/T) ) > 



irviEial valug 



Idll^lCA^-D.S»" 



>-5.)-(k2*Ce)l 



hiaI vtliig Haii™vii M 



371 

0.002 
0.0-J19517 
0.0SS9517 
3e-05 



10 

D.Z501Ŭ3 
Stf2-91,S 

lOS.lĵj 
O.DTmi? 

0.09JS517 
36S.7Sl' 

V,«SMB3 
3,&9L3Be-09 



c heck answ< 



besign eguatio 
R ate Iaw ; 

sj Combining : 



i.ooe i.aoa 



nerer evaluarj 



q~£?> 



P9-7 confd 

Check answcr : 



4Ĉa4Ĉb~ kl 



V0.07495 X /0.09995 167 " 



Adiabatic, batch, reversibte. 



Design equatioD : Aho— - = -™ V 



Rate law ; 
Stoicbiometrv : 
Combining ; 



-HH9 



c A =c AO a-x), c B =-2.c A0 .x 

4C^(1- 



dx r 

^ J 



c*?a-*)- 



fc J 



4gjg - jrr 



Parameter evaluation : E = - 



KTi Jl.7\ 8314(340) 8314(300) 



*. = 0.217 mj 



f S498 f 1 2 
18314 



U40 rJJ 



tfe(300)~ tf 1,300 rj 
ACp = 2 Cpn - CpA = 20 - 12 = 8 J/moLK 
AHrx = AHrx (300) + ACpfT - 300) = - 75000 +■ 8 (T - 300) 



?-£/ 



E2i£ cont'd 



Nao = 0.6667 * 900 * 254 = 272 127 mol A 

Nio = 0-3333 * 900 *454 = 136 064 mol I 

C AO = *W V = 272127 / (50 *28.12) = 192 mol / dm 3 

Cps = S9i Cpi = 6 A Cp A + &a Cpu + GiCp, 

= (1)(12) + + (136064 / 272Ŭ27}*(15) = 19.5 J/mol 



bn^balancc: T-To± Cpjk + ACp ^ X ' 


W + 195+8.X 


-=> POLYMATE 




9-B 


IniCLSl VilU« 


d5KW41tt-si'Hl-*ti-^'W(x*2WK«H 





T D =3O0 




e*oi«a 




T=TeS-<75000-XMlS-S-MB-:*))) 




kI=.ilT-cKp<1022' IU340-L/T) > 




afci*.-75DDO-. 1 H* (T-30O1 ) 




Uc =700*0 »Exp(DhjrxV8.Ĵll- (L/JOO-t/TH 




S - <■■ c i = 2 






llu* Fi-rtiL Valuc 


t 5 2 


2 
0.0109571 


To 100 300 3^0 

caa i5S i*: 1J2 

T 100 -ISJ.TEL 300 
tL 0,1*5345 J.19THS 0.1*5Ĵ4S 
BH™ -71000 -736*1, H -75O00 
^ 70DO0 TOIOO L.62S32 


30* 

L?2 

463. 78L 

0.437*5 

-7J£<1.B 

l.*2S3i 


= = .:,= •=^- L=: - 





9~£% 



£9-8 contM 



„. . pn i 



l.soc 3-co; 



Equilibrium cooversion , Xe = 4.5 % 

90 % of Xe = 0.9 * 4.5 = 4.05 % convereion 

Time for this conversion * 0. 11 min = 6.6 s 
Cbeck: 

at ea,uilibrium ; C*D{\-Xe)- — " 

(4.a^).Xe ? +{Ke,C*e)-Xe- Ke.Oo = 



- Ke, C*e ± -ĴKe 1 . Cao 1 - 1 6.Ke. (V 

using the soiution to a quadratic : Xe = ■ " - ^i 

vhcicatT^Te^OK, Ke = 1.625 mol/dm 3 



- (1.625* 1 .92) + 4W$? (192)" - [16 * (1.6 * (192) 1 ] 
From POLYMATH , Xe = 0.045 



f- AJ? 



First orderlŭjuid phase, CSTR 



Fkst solve the steadv state problem for thc hcat exttaange arca A for nonnal operation 
T = 358K- 



Mol balance : 


(Cao-Ca) ^__ (ICa n 
z dt 

lJh)- e e 

\k2) R.T2 R.U 


Cs 

1 






r 4ŭ) 

L i i 


i ] 





/L72 #71 8314(323) 8.314(313) 

94852 = J/ mol K 

k = riexp[--^(— —111=107.4 /min forT = 358 K 
L^.314 1313 T)\ 



Steady state sohiiion : 



Cao 90*2 
7 200 



= ,S00<W/min 



04 / miii 
v 500 

Cao = 2 M = 2*90 = 180 g/dm J 

C A = C*o + r A -T - 1S0 + 04 r A 

C B = -r A T = -0.4r A 

-r A = k,C A 

C A =180-107.4(0.4)C A 

ISO 



a-- 



- = 4.l£/<£w J 



1 + (0.4*107 .4) 

r A - - 107.4 * 4. 1 = - 440 g/min.dm 3 



9-ait 



£M «ont'i 



EDergy balance ■ 



Q = - (-440)0.4= n^g/d^ 



Q = UACT a -T) = (,20*60)^(273-^ J/xnia 

^'^ = 9OO0O*2*CT - mi J/min 




47S4JS 



9-*s- 



£2-9 coofdl 




A sensitivity analysis for differettt values of A stsow that a new steady state is reacbed 
at every new A but at an increasingly higher T- The required A depcnds on the 
definitioŭ of reactor nmaway. 



M°£ 



CSTR startup 

Part (a) CSTR startup, gas phase . isobaric - eŭ pressure drop 

dfa 



Mol balance : 



dt 



= {Fac>-Fŭ)+raV 



¥t = (0-Fb)-2.ra.V 
dr 



Ft T 

Vt = Vtŭ"-—.— 
Fto To 

F T = Fa + Fb 



F TO = Fao + Fbo 



£2jj!conrd 



T = 500 s 



Enejqgy balance : ~ = ^~Z. Fi °Cpi.(T-Tio) +(-AHrz)(-ra V ) 



No controJ : 



= 5J/kgeat.s.K 



t>ut kg caialyst = 50 kg 



pcal ' 

UA = 5x5O = 2Ĵ0J/s.K 
dCp = 



Ta t 300K.Tio-450K,F a o = 5 nĴ oJ/s 



-[:fl n -fii*(- fl . V j 
■*(Ĵd-cb-vhj 



k,c *Sl f Jl**0/8 l ji*. 



f-47 



g9-10 cottt T d 




Rate kw : 
Energybalai 



PartO) 

dCa {Cao-Ca) 
Mol balance ; -^" - t 



Cao^O.l kmol/m 5 =0.1 ' 




?-A*~ 



CbosCao 



P9-10 confd 

dCfr_{aw-C£) 

dCc (O-Cc) 
th % 

R ate Jaw: -ra = k,Ca.Cb 

F L 1-987 boo rJJ 

Energy balance ; £? = _______j_g_ _Mg- Tio) +(-ŬHnX- ra. V) 

* Smĉ^ '- — 

V - u a . t = 2 1 50 = 100 dm 3 

Fao = Cao v* = 0.1 x 2 = 0.2 mol/s = Fbo (equimoIar feod) 

SFio.Cpi.CT - Tio) = 2 * 0J2 x (15)fT - 300) = 6(T - 300} 

AHncfT) = AHrxfTo) + ACp.fT - To) but ACp - 

--41000 -(-20000) -(-15000) 
- - 6000 caUiDdl 

_Z_ 6(r-3QOK(60OQ)C-ra-K> 
* 15. Ca. v + 1 5. Cb. V + 30. Cc. V 



»-lDB[f 



riQbltm 



fl<tC)/d(tI-(fO-qT:f/Sŭl.„ 

d[T) /d{t) . f («■ (T-iOO) ?.» f«000- (-* 
V).f30- w -v,| 



k-O.Ol-c^j^Ojjgj 



-9S7)-f!i/joa}- ( i/T hn 



?-£? 



L 
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; Hj^imum valuf? ^ij_u_________? 



o.OTiifiis 


0.00 


010274 


0.0*01*171 


o.OTjieiS 


6.D0010I74 


o.oooion* 


o.osgas* 







D.09S9S4 


257*40 


100 




257390 


100 


100 




1DO 


1B«9& 
-l*-09 


o.o: 

-o.< 


11D871 


18 918 D 

-0-0O1SS796 




>-$o 



P941 ft 

Semihatch problem 

Part (a) 

Mol balance : 



dNa 
dt 



$loichiometry : 



- ra - k.Gs,Cb 3 

1 1987^300 T-l 



tlT _ Q~ Ws - __ Fio. CpL(T- Tio) + (-A/frr(T)). (~ra. f ) 
f// ^Ni.Cpi 

wh*K Q - UA.fTa - T) c 250.(390 - T) 

Wi = o 

4Hrx(T) = -55000 

iFio.Cpi = Fbo.Cpb = Cbo, ivCpb = 4"v„*20 = 80u e 

iNl.Cpi = NaCpa + Nb.Cpb + Nc.Cpc ^ Ĵ5Na + 20Nb + 75Nc 

dT _ 250. (290 - D - SO.u, (T - 325) + (-55000). (-«. V) 
f/r 35,jVfl + 20.A , fc + 7p,Af ( : 



?-J?/ 



££-llcont'd 



Inicial viliie 



- (80-vb- (T-31S1 1 - [-SSODO* !-E»-V|) 



ddiii/dttl-ra^V 
d(?t] AHt)-(~i**V/50) 
dliibl ya|t)-(2'tA*Vl*flM 
ddicJ/atEl-rt-V 

dfTWdit).([iso'ii»v-t]i 

>/(<15*na]«[je'nbl*<75*BcH 
vb*1.5 

k.g.eans-eKpnanaD/i.seJiMU/JMt-ii'™ 

V=lO*(irb't) 

cb-ŭlS/V 

ii- Jfea- lcb*2} 





v*LU<- 


L0Ŭ9 


Hi.nijiuiii 



jalaa 


FiitmL valu» 








50 





50- 


0.33214' 




li2**f 




0. »SJ351 







0.9&315L 




5300.66 







5900-66 


fl 




-:•:• :i--.7-i 







19-S6T5 


1ŬC 




100 . 132 


183. 59 J 






1,S 
0. 000-5 




0-00*504019 
15 L3 


O.OŬG23 
10 


gggp 


0.0004729« 


fi 






00D22 


cifli 


D.0G022DL6* 


° 




1.30771 
O.0T1BS12 








J.S077Ĵ 
0-D320924 



-o.oo*Li4S« -i-5»oiSe-as 




<1~JX 



^llcoafd 




y^>«'«>"S«n* (orX ^ SatliT<mK 



«nfdoilj.]*- \20mc,ic 




1 |>5S,1S !™r B '™ — «** m i o * . ., h , 



f -^ 



E2Jl«nt'd 

Part (b) 

If the max. coolant rate falls 10 200 mol/min, thcn it may not be prudent to assume that 
the coolant leaves at the entering ambient temperature, Ta. It sbould be assumed that 
the coolarsi lemperature varies spatiallv along the heat cxchahgex pipes ajid the 
required term for thc heat emchange would be : 

Q =f n\ Cp CM i (Tal - Ta2) where Tal ^ ambjetii T coolant entering 
Ta2 = ambient T coolant leaving 



Ta2 = T-(T-Tal). 



L " P [ nuCp^j 



The reduced flawraje and hence heat exchange, may inerease the reaclor temperarure 
co approaching 130 e C, thc uppcr limit, at conversions approachinĝ &0 %, and so more 
caution is required The incorporation of lempcrature coniro] would be prudent. 



P9-12 ft 
CSTRsuump 

Hecd steady-state values at To = 75*F 
dNa 



dCa (Cao-Ca),t>i 

X" v 4 

dCb (Cbo-Cb)^ 



dCc (Cco-Cc)Vk, 
dr V 

dCn _ (Cxq-Ch)V, 
dt V 



9-M 



EUicojit f d 



Cao = — = OJS157 Ib oiol/ ft 3 



Cfe = — ■ = 22696 Ib mol/ ft* 



C«? = 

Cup = — = 0,22696 Ib mol/ ft 3 



-x500 



fao Fbo Fmo 80 1000 100 

poo pbo puo 0,932 345 154 ^ oir/tir 



Rate law ; . ra ■ kCa 

* = 16.96*12. 
Energy balance j 



!-«p[- 



(Cb in excess) 

32400 "| 
L987(T + 46oJ 



Ws = 

Q = m c .Cp H »» r CTaI - Ta2) = 1000 jc 18 x (60 - Ta2) 

ZBo,Cpi.<T - Tio) = [Fao.Cpa * Fbo.Cpb + FmO.Cdm ].(T - 75) 

AHnt = -36000 Biu/lb mol 

iNi.Cpi = Na.Cpa + Nb.Cpb + NcCpc + N M .CpM 

= 53CaV + lSCb.V + 46Cc.V + 19.5C M .V 



JL 



?- js- 



LLJJconfd 



™ = 7-(*--r«i).«p(-^) 



= T~0.41tll{T-60) 

JT 18000(60 - (7/ - 0.411 1 1(T- 60) - 22750(7 - 75) + OeOOOK-ra.V) 
di ~ iSCa.V + 18C5.V + 46Cc.V + 19 SCm.V 



laitial cooditioas : To = 75, T = 138.5 °F, Ca = 0.03780 , Cb = 3.3062 , 

Cc - 0.0144 , C M ■ 0.2269 Ib mol / ft J 



If To drops from 75 to 70 °F 

Part(a) 

P-eontroI only : manipulated. variable = nit 

controlled variable = T 



tŭc = 111« + kc.(T - Tsp) 



uvbere m„= lOOOlb mol/h 
Tsp = 13S.5 T 
kc=l0 



?-£ŭ 



E£-12coard 



<jlCa) /atti - 1 ! (Ciu-e*) m»i / 

d(Cb) /dlCJ » ( ( ( 1 . 45-Cb) 'Vflj 
d{Cc) /dlc) ■ ( ( (O-Ct) »Vo| /Vj 
d tOn) «Ittitl (Cno-<SO -Wl / 
d<T> /<i [Cl = ( (BiC-ie- < 80- (T- ( 
) J*[JED00*(-r*"V]))/|(ĵ 

is*cb*vj i 

Cao=!>,lB157 
ve«440.6 

V«(l/7.dfl4)"500 

cao-a . 22S9* 

k*l$.964>12-Hxp(-32d 

0*3-2.269« 
*3=70 

■60-104(1 

kc-10 

T3D=136,S 

ri-k-Ci 

i*(liC[T-Tap)] 
E f - 4 



3,J0«2 
0,0144 
0.224» 
139. S 



-CA-V) * (46-Ca-V) * (19. S*C 



'{l-9STiT+4*0Hl 



1 " °- 



[*] 



InitUl v*l ue 



jl^ i^nimun "■■li.uc I7 ina.i vnlnf 



£4.90*2 
0.229?« 

24. »561 
2.2&9S 



ul3376d 


;■;« 


D. 22*96 


a.22*s 


Hfl.S 


131 -4S 


O.ISIST 


0,191ST 


dd0.6 


440.4 


66.8092 


44.BD92 


0-22*96 


0.22S96 


24-9SS1 


18.2047 


1.269* 


2.2696 



D.ad7aose 

3.3162d 
0.133764 
0.22S9S 
131. »41 

3 . lais 1 » 
ddo.S 

66.8092 
3-22*94 
9.4S31 



li»,S 

-0. »41141 

1000 



9-^f 



ELiUconfd 



ŭ,0M> i-nca 




6.9(10 L.SfJO 



q - ^? 



Part(b) 
E^oiitrof orJy : 



manipulated variable = m,. 
controlled variable = T 







Ittz 


kc 

V 


wheie 


n>„=1000lbmol/h 












kc 


= 10 f T I= I 






dt 


^iT-Tsp) 




Tsp m 138.5 *F 


Prablta PS- 


L2& 












VAriabl* 


rnicial 


■-■-:■]: 




(iin- 1 




T 


0.0373 
i.JOSi 

0.9144 
0.2269 

' "J.L. 




5.0561603 

3.32461 

0-143617 

3.226*6 

13S.S 




0.0376 
i-3062 
0,0144 

o.:26s 

127, 055" 




10 

o.oĵtssj: 

3-30>«a 

0.1*3617 
0.226Ĵ6 
1JS,«99 


c, c 


, 18157 






B- 13157 


-13-516 
0.1S157 




-13.51« 

D,ISlS7 


ŬK> 


0. 23fS6 




440.6 
0-2263« 


440.6 

e«.aDS-2 

0,22696 




440.5 

65.8092 

0.22636 


;-. T , 


I36.S 
24.5S61 

2.3«ae 
iooo 




133. 5 

14.5561 

2.2696" 

iuao 


134. 5 
14-S7Ĵ4 
2-2696 
10D0 




70 

136.5 
24.955S 
1.2694 

10OO 




9-3? 



R&Ŭ2cont'd 




Part (c) 

Pl-control onJy : manipulaKd variable = m, 

controlled variabie b T 



ttic = m„ + kc{T- Tsp) + — I 



dl 
-7-<J-Ts P ) 



where m^ = 1000 Ib mol/h 
kc = 10, n - ] 

Tsp= 138.5 °F 



cj „ cj-D 



E£oa 


cont'<J 








Prsbl™ 


rs 


-1211 








Vi£iabJ_ 




ini.eial v.fa HAjcjmu, g^ 


-«HU^^ 


sJiE £.4"*! lrajj 


f_ 




i.J062 
O.Ol** 
4-2359 


0-0*71519 
3-31578 
0.1*JSl 
0-226SS 


O.0Ĵ78 
1 J0S2 

0-01*4 


G-DJT9SSB 

Ĵ.lfrfiJS 

0.1*J61 


T 




IĴS.s 


0.2163 


0.2269* 






n 




1J2.I« 


IĴ8.*95 


Cftg 




O-lBLS-. 


0-1*157 


-11.5052 
0,1B1ST 


•IĴ.S0S2 

D-iais? 


-ti 




fifi,B032 
0,22696 

70 


o,22«ss 


4*0. G 
64.B0S2 

0.226S6 


*«0.6 

66.8092 

D-22£S6 


IV 
u 




Ufl-S 
2« . 9561 
2.26SS 

IBŬfl 

1 


UB r S 
M - 9561 
2.2*86 

ioae 


lie.s 

lfl.S*S9 
3-26*6 

IDOO 
10 


70 

Ufl-5 
24.95 
2.2696 

1000 
10 


►^JVV^ 




-0-2*3341. 


-o-8?27aa 
iooo 


-0,9* 7099 


1 

-0.9*7093 




9-4* 




0-W0 3.000 



P9-13, 

CSTR starmp 

Part(b) 

Mol balanct : 

kmol/m 3 

mol/dm' 1 



dCa (Cao-Ca) . 



= -i i +■ n 



Cao = 0-1 
= 0.1 

Cbo = Cao 



dCc _ (0- Cc) 
dt t 



-ra= tCa..Cb 



fcCT) = 0.Oiexp 



[ loooo f i jY 

[ 1.987 L 300 ij. 



Energy balancc : -— 



dT Q - ^j - X Fip - Q?iCT- Tid) + (-AHncX-ra- V) 



^Ni.Cpi 



EJM-2cont T d 



V = v a . X = 2 x 50 = 100 (im 3 

Fao = Cao . x> = 0. ] * 2 = 0.2 moi/s = Fbo (equimolar fecd) 

lKo.Cpi.(T - Tio) = 2 x 0,2 x (1S)<T - 300) = 6(T - 300) 

AHrxro = AHrxCTo) + ACp.(T-To) butACp^O 

= - 41000 - (- 20000) - (- 15000) 
= - 6000 cal/mol 

dT _ ĉ(r -300) + (6000). j-m.V) 
di 1 5. Ca. v + 1 5. Ck V + 30. Cc. V 



No contnol 










F9-1J <b)l 










Eqiia t iotts : 


(0.1-Cft 


, tt 


** 




4JC«ĴM(ti« 




d(Cb)Mft)- 


[o.i-cb 


H*5-0 


»n 




diccl/Tifc). 


fO-CO/ 


JCO-i 






d(ri/Hj(t)»[ 


fi*(T-30 


III > 


600 


-•:-i- 


vj.(ĵ(i"& 


*V)) 








V=10Ŭ 










k=o.fH*eicpi 


1O0O0/L 


»?l 


*f(l 


/300 


ra.-k*Ca*Cb 











r^i r . lj.1_jaj. uc 



)}n<j.s»Cft'vinis-cb* 3ŭc 



400 







400 


O.073261S 


O.00O102T4 


o.oooioi^i 


a.o*j2sis 


0-000102"?« 


o.oooloi-j* 


0-05136« 








2S7380 


ĴOO 




1S7380 


1S9ZBO 


aoo 

0.01 




10D 
1932=0 


-L*-os 


-o.oi 


10m 


-0.0013 = -?9S 
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F9~13 cont*d 




Thc results without control, indicaljt a runaway reactiort, as T continues to increase 
after the conccntrations have appfoached their sleadv-statc values 
Control aspects : assume that the operating T sbould not excced 550K, the 

boiling point of the liqui± 

Widiout given data for heai exchange : 



Try 
P-controI 



manipulated variable = Tio (iniet feed T) 

controlled variable = T 

: Tio = tF (T<5 50)THEN (300) ELSE (Tioo + kc, (T - Tsp» 

where Tsp = 550 K, Tioo - 300 K, kc = - 10 

==■ Tio iflaĵiipulaiioc not feasible for T coDtrol for 
any kc (requirics Tio - - 2000 K) 



f-4¥ 



E£J3co»t'd 

P9-U fbj 2 

d(CŭJ/tI<t>*,,o, lH 
■*<Cl>]AifS).f.fO,l-[ 
d[CtWd(5J = [( (,, CtJ 



^-Ti^l ,* [60.00- , 



t»u=Sffl 

^O-01*«p( ( i M(w ,_ . 9 „ » , , il/ĵŭp; _ . i/t) ■ ( 

VO=2 

Titm=3ŭŭ 
r*—k-C»*<a> 

' e * ■ *Oo 




Try 



SS2SSS;*'*'*-»*--» 



coatroUed variabJe a T 
P-controJ 



** * ^^ » ® ELSE fe, ♦ kc.CT . Tsp» 
wher* T 5 p ^ 550 K, u w = 2 dm 3 , kc - 10 
=> TLn ^^i"vetov foranykc 



?-V«~ 




It is concluded that the additioo of I-action will not improve coDtrol and that the 0nly 
feasible control stnitegv is to add a heat eschange device . aod to manipulatfi the 
coolant flowrate for T contiol. 



F9-14 p 

CSTR slartup 

Initial conditions : To = 75, T = 13&.5 % Ca = 0,03780 , Cb = 2.12 , 

Cc = 0.0144 , C M = 0.2269 lb mol / ft 3 

Part (a) 

If T drops btm I3S.5 to 133.5 *F 

As in F9-12 B except : 

JCs F ao - Ca. va 



Fao 1000 100 
" 0.932 + 3,45 + 1 54 



dT _ 1 8000(60 - (T - 0.41 1 1 1(T - 60) -Q5Fat> + 19950}.{T- 75) v (36O0O)(-rfl. V) 



I-control only ; 



35Ca. V + l%Ch.V + teCc.V + I9.5C*. V 
manipulatud vaiiable = Fao 



f-H 



E^JJcODfd 



controJled variabJc = T 



S-14 [aj 



Fap=Faoo+—I whe re Faoo = 80 Jb mo l/h, 

saykc = -Q,2,T[ = 0a 



<ff 



= (T~Tsp) 



i i.c*i d 1 t ) . f ( rat,- [c • „ h j , v , , r , 
*«*>«(«-< r«.4s-ŭ.)*v»j, V )*j 

(JtCc) /q<t) -f < [D-CCJ *TO) /V) -ts 
<3 (Cft) /fl[th, ( f (Ohd-DdJ "VO) /Vl 
4<T) «<<:}=.< tmc-lH* (60- <t-(0, «] 
9950) *tT-Tnlj J * (3S0O0- [-r»'V) 

s*eA»v)^u3.s*CBi*v)) 

Ŭjrj/dftJ.T-Tsp 
V=fl/1.4a^]*5Ŭ« 
G>0"tJ.23S9S 



Tsp=I38.Ĵ°F 



Tiipjiiia.s 
cafi-a.isis? 

k = 1 * - SteI2 '*W( -321dP/ (1 

Cbo*3-2«SS 

fee— tl.I 



>=tP*a/0.SlZ)*3 5 4 r 



!!HlU£ Hlnĝmum v*i„. gjn^l v^jijg 



2.1? 
0.22fiJ 


1-3*833 
«.1S137J 
0,Z2*3S 


o.ojsse*; 

1,12 

0.0144 

0-2169 


0. 0373352 

3.30S4S 

0.143535 


S ' J 


114.771 


129. S5S 


136 




0-3*lBSS 






ft6.a;i&2 
0.22&3S 


fiE.8032 
*.22f>&6 


;*-;;j; 


SS.S0J2 
fl.22£96 


?: 


75 








a.iaiji 






0-18157 


126. 5 


118. S 


19-817? 
J.iSJii 
-0.3 


33-1033 


16.S058 






2.2696 


2.25J6 



<?-V7 







q-4? 



E&Jicottfd 
Part (b) 

I-controJ onJy : 



manipulated variable = T 
controlled variable = T 



d! 



whereToo = 75°F, 

saykc = -0 L 2,T|=:0.1 

Tsp * 138.5 °F 



. u 



0.6J7* 


0.0425*« 


0.037Z41Z 




Ĵ,iOE2 


3-ĴL097 


1.30SS7 




o.oi** 


0.114329 


0.0144 






0.2269S 


0.2369 




1Ĵ8.5 


U9.0Ĵ5 


L35.24 


118.5 


D 


0.0121*9 


-l.Ĵiioa 


-1 IJSTl 




0-1S157 


O.lfllS? 




440.6 


444.5 


440. e 






££-8092 


ss.eo*2 




1400 


1000 


0.22*96 

looo 


0-Z26SS 


138.5 


«0 


55 


55 












25.5704 


22.4S6S 




2.24S6 


2.2S9S 


2 . 269« 


2-3SS6 




9"¥f 



£2JJcont'd 



r^ 



?-*** 



C$TR 

NH.N03 -* N 2 + 2Hi0£ 

mWfbm nitio«soxide 5teain 

A B C 

Feed.mo^mac + n^^^ 

mŭ fmeo • ' 7 ^ iiquid water in feed) 

Mol baĴance dMa 



Rate ]aw j 



Ma = JbA t mao:=]b/|iA 



2MS 

*-* I* .11 tf A «**, ^ te ^ - s some ^^ insjde) 
dMc 

***: ^™(*^x) = ™ + 2^^ d ^ 2 

■mmm m *»»«*, m ±e ^^ ^ ^ ^ 

-ra,V = k.Ca.V = LMa 

l/i&rJE £_ 

U2; ah /f.n 

JŜL 

= SK5ŬOBtu/!bmoI 



E = 



E* 1 ^ balance : 



L L9S7 1510+460 7>46ojJ 



P-**7 



EiilSconfcf 



jj. Q , Vj - "£ ^ fo, Qh(T - Tio) - mt o. ( fff - ff fo) + {- Agm )(- m. V) 
~~T~~ Yt mC P l 



Part (a) 



Ws=0 

Q e UA.(Ta - T) 

Imio.Cpi (T - Tio) = mao.Cpa-(T - Tio) 

= 0.83 X 3 10 x 0.38 % (T - 200) 

meo.(Hi - Hio) = mco,[H £ (T) - H, (Tio)l 

= 0. 17 x 310 x [< 1202 + 0.47(T - 500)) - 168] 

assumes all liquid water in fecd leaves as steam. 

H s (T) = HjCTtef) + Cpc.(T - Tref) = 1202 + 0-47 .fT - 500) 
Hi (200) m 168 Btu /lb 

^Mi.Cpi = 038 Ma + Cpb.Mb + 0.47 Mc 

From ChemCAD fflphysical properties systems: 



Cpb (N.C. 516*F) " 1065 J/k g -K.(^ ^X° 454 i)(!s) 

= 0.44 Blu/lb N 2 0. K f\ 

at t =: Ca = 500 lb, T = 516T \ 

rfT 10000,(5 1 5 - D - 97.77(T - 200) - 52.7[(t202 + 0.47(T - 500)) - 168] + j 36£$3 

.jfc* 038Ma + 0.44. M6 + 0.47 Mc 



f-jr* 



PSjJconfd 

PS-I5 im 


.77- IT 
HVJ ) ) / 


2*0) > 
(0.3H 


-ISJ,TM 
*Ko>»(». 


1202-HO 

«*Kbj* 








ctinĵbi/drti.-mb-^v 

d(Kc) /d< t) «scn-nic- [2*t*V] 

d[Ts/dit).|fioo(ta.(5is-i-)).o3 

- 47« [T-500) > \ -t44) * (33S • [-r 


soa 


51« 



e . 0. 

P9-15 <*> 




<I-S3 




S.OOO ■.000 



UA^lOOOOBturtLft* 



P-control only : maniputatad variable ~ Ta 

eonuoJlcd variable e T 



Ta - Tao + ke.(T - Tsp) 
where Tsp = 516 "F, kc = -5. Tao = 975 °R = 515 °F 



t~jf 



E2ili<:oiii'«J 




Part(c) 



UA = 1O0OŬ Btu /h.ft 2 
Pl-control : 



manipulated variable = Ta 
controlled variable = T 



kc 



Ta=Tao+kc.{T-Tsp-)+—.l 
-fr 

fHTMSe 

dt 
where Tsp = 516 "F, fcc = -5, t, = l,Tao = 975 °R = 515 *F 

7j}itj.«l .^flliJ*: H--.>:^jjh valm ?ti n. jjmjin vnlim : J ir.n. v.i .m»-: 



SOŬ 


366.32 


36*, II 


IJi.SB 


S 


133, £9 


267.359 


D 


JO.JSS 


S16.32B 


515. S18 


SlS.398 


0,055709 


-0.363513 


-0.3*3513 


767. 3S9 


501? 


767.3 53 



■f-rgnsr 



E2il5_cont'd 




Part(d> 



UA= 10000 Btu/h.ĥ 2 

PI-coDtrol loop 1 : manipuJatfld: variable = Ta 
cootrolled variable = T 

Ta = Tw+ kcl{T- Ts P ) + — . n 



dll 



where Tsp = 516 *F, fccl = -5, T t l = l, Tao = 975 °R = 515 "F 

PI-coDtrol loop 2 : maniptilated variable = mao 

controllcd variable = M (= Ma + Mb + Mc) 



9»4~t 



kc2 
mao — maoo + kc2.(M '— M$p} + .11 

dl2 



d: 



= (M- Msp) 



wbsre Msp = 500 lb, kc2 = 25, ti 2 = 1, maoo = 310 Ib/h 






10 





10 


50S 


5ŬD 


S66.31 


Ĵflfi.ĴS 


Ŭ 


44.SS7» 


Ŭ 


41,537* 





39.1157 





69,1157 


51S 


514.228 


S15.S1B 


' : .lr .339 


g 


0.055694 


-Z,DSH12 


-2.09811 


o 


0.0556442 


-0.36950« 


-a.isasas 


r ,qn 


500.416 


499-217 


499. SJ4 



-257,447 


-154 -1*4 


-2S7.447 


51S.8SB 


5U. B4Ĵ 


SiS.sSs 


20.70B 


257.397 


25T.JS7 


30.70* 


JS7.3S7 


ZS7.397 


S-SS72 


SZ.719B 


S2.719S 


07,104 


SS7.S13 


S67.513 




f-s'7 



P2ilS*ont'd 




P9.16 

a) Ploc R(T) vs G{T); 

R{T) = UA{T - Tj + pv Q C F {T - T 6 ) 
G(r) = -Aff te VJC, 

EvaĴuate Lhe parametjers in those equations: 

Jt = 2 * 7.0S * I0 1 1 exp(-30OOO/ 1 .987 / 7) 

AH M « -lOGOOBTUtlbmol 

p^SOIbffi* 

IM = 150* 250 = 37500 

Use the follovving POLYMATH program to achievc the correct graph, 



f^r 



E2j£conrd 




■■»*>( -B/I.SSV W 



t*u*v,/ve 



^^-Ŭe-Cj 







f-ir? 



ElilicontM 



f (Cm) mvo" (c™o-Cfl) /v-k*Ca 

f (T) aOr-Dg 

vo-.tio 



thn=50 

To-SĴO 

Cp-,75 

dhnoi" -100 DO 

k=.2*7.D*fclD"nV 



Q*=Dflr (T-TaJi-rho'" 



I-E/1.SH7/»), 
>♦ CT-To} 'Cp 



The exact values ane: C A ~ 0.425 T ~ 547 . 1 D R 

C A = 0319 T = 5713*R 

C A = 0.068 T = 628.6 D R 
Tbe extinctiOD temperature is around 555 D R 

c) Using the unsteady-statc equaŭons for a CSTR we get the foIlowing 
Molebalance: 



dC A 
dt 



»ic&zM 



feC„ 



Energy balancc: 

dT uMZ-T)-p Vn C,{T-T )-&H kt kC A V 

li~ pvc, 

From these we can plug imo POLYMATH and come up with the folkming g^F 1 * 



f-^fl 



.;■ 



__juatl<m a :_ 
d (ca) /d( t > =vo* { ouj- 
d[T}^[E]=(mi*<Ta-T 
V*Cp} 

d[Tl)/d(t»>|J>tAU*]i 



Tbo*vo*Cp* [T-To) -dhi3CQ*fc*c»*V) / 



D-dSM 



UA=25Q*150 
Ta-SiO 
rbo-50 
Cp*.7S 

Tt.=5JD 
dhtm=-300CK] 
E=3O0vO 
R=l,987 
*=J"7.0S-Urll 
cau*V/vo 




<M> 



Pff-l6 cont*d 




3.M3D i.too 4.M5Ŭ 







£.?? T^ '° T " ^ 47 ^^ We SCl < he foJlŭ *^ g^Phs which S how a stabie 



Sc*t« ]qZ , - K3 -i- 




"M3 



E2U*com>d 



h 




K-state. 

y-state. 



Varying T s = 590 5 how 5 thac it is an uastable steady-st 
T = 520, T = 629 it stabilkes to^ards the !awers(eady-_t; 
T = 520, T = 547.5 Is uabJe. 



5&_ 

rff ~ 



fo_ J(l-i.ĵj-fAf-^1v 



L-7.1 
fV= 14.21 



t-ŝJf 



I 






F9.16 cont T dl 

M = 3,Ĵ 



>1 = 



&£ 



Pluggiflg this ioto POLYMATH gives the foUowing graphs. 

9-Lf (*) 

Bgmtjppj: Injtijl mlua 

d{c«>/d!t}=™*[eaa-c«)/V-**cji 0-06H 
d[T} /<l(tl -<TJK* (Tft-t) -rt»*ira*CS>- tt-r%>) -<flunoi*ii*e-.*V] / Srt»* 626. (45 

V*cpl 

d(K)/<i(t:)-(-L*jc*Il/J*y>/t».ii -0.01 

4(y) /fl(t}-iJ*(I-L) -jc- (K-Jll *y) /tau -! 

vo-40 n 

«M.9 

v-ia 

na.iso-i&o 

T4-S30 

rbO-SG 
C&--75 



tt-3.b 
■■30411 
yl-y/< 
jŭwe/ 



L*«S5p(-E/X.9S7/T| 



9-<^ 




f) No solution will be giveo, 

g) The followiiig POLYMATH progiara gives the linear anaJysis of ihe problei 
L = 1.021, M = 2 51. N = 251, t = .12, J = 800 



s Iff) 






■3 [ca ) /d ( t} =vn » (t«a-cs) /V-fc*sa P , Ofi B* 

d m /d [ti - [m ■ (T»-TJ -rtao*v»*Cp* (T-To ) -Shran *k*c**in / [rbo * 62 6 , 6*5 
vcpj 

dCO/il.t]-[-t.*:E*H/J*yt/t«l 0,02 

dtyl/d[t]«[J*(l-L)-si-[l!*]n*Y)/e*u 2 

VO-4ftŬ 



i 



Jhrxa- - 100 00 



*=*.5 

£-*O0O0 

**J*7,DS-lfl-I 

C**-0.*i25J 



9-&r 



P9-Itf coat'd 




tooo ? L a 



(«OO 3.*=3 




0-300 ~0CO 



f-tt 



£2zlŝ conVd 







9-67 



PM7 f 






Batch reactor - series reaction 


. 


MoJ balance c-n A : 


dCa 

— — = ral 
dt 






-ral=kl.Ca 


Ca = Cao.exp(-kl.!) 


Mol balance oil B : 


dCb 

— - = rf>l + i*2 
dt 






rbI=-ral=kI.Ca 


and -rb2 = kZCb 



Mol balance on C : ■ = —rbl 

dt 

\ 1-987 1300 TJ) 

n = w,J?m.(J.____)) 

\ L987 l500 Tj) 

Enci^ balance : t*L _ _\ + (-Ag™i)(-ral Y) + (-dJ/ra£>2)(-rJ>2.V j 

* ^AfcCj» 

Q = UA.(Ta - T) 

!£NLCpi = CaV.Cpa + Cb.V.Cpb +Cc.VCpc 

dT UA.03O-T) + 55OOO(~ r _]V) + 715OO(-rb2.V) 
dt 200.V .(Ca+Cb+Cc) 



9- 4* 






UA-o 






d(Cb|/d(t!^rhi* rth2 
V-lŭ 

cfaL-r 4l 



"* f7iS0O -!-rt>3. V )> JBJ 






■■_ «^ 



«*t«-*tt~ «5* 



1.1173 

-o.ĵĵsias 




^ 1 * 1 " l.UTJ 

l-(HU4e*0( «.O S OS7 fl -09 

-J.SM27*- 1Ĵ6 - JjH ?I| 



214113 

1- 04114,, D £ 

-4.«704e-iis 
3,S**27e-lJ S 




?-ĉ? 







v = io <W 




7- 70 



Part(b) 

UA ■ 40000 Jf/min.K 



V = 10 Ĝm 3 



* :r\ 



M.;, 



o-sao o. isc D r i«o 



Paxt(b) 

UA = 100000 J/min,K V = 10 dm 3 




9- 11 



Eajjcoot-d 



11. 



At UA = 10 0000 J/min.K the 2nd rcaction for C is tofeUv supprcssed 
Part{c) 

UA = 40000 J/min.K To = 320 K 




9-7Z 



££02tGAt>d 




&0& 



*fo] balaua 



^ith paiallel reactions 
dNa 



-J- = Fao + (rH-r2).V £* = 



Fbo + (rl + r2)„V 



\ *****: 



-rl = kJ.Ca 



[2 = t2.Cb 



*l=.0O0, Ip (__!5_j M_2_UO__»(-_22_) 



f- £3 



PĴbl£coDt'd 

Stoichiometry : 



*-$ 



Encrgy batance : 



V = Vo + ua.r + u&f 


assume Vo = 


Fao 

va = 


. Fbo 

vb = - 

Cbo 


Cao = 5 mol/dm ĵ 


Cbo = 4 moL/dm 3 


V = Do.t 


Fao Fbo 
where vo-— — +-r— 



Cao Cbo 

Bm Fao = Fbo (equimolar fecd) no = 0.45 .Fao 

V * 0.45Fao.t 

gj q - ffj - V f JO , Q>f(r - Tio) + {-Afl>*<r)} ■(-"»■ V) 
~dt~~ "Z^Cpi 

where Q = Ws = 

AHrx(T) = AHix(Tref) + ACp(T-Tref) 

ACpl = -, C/Mf - -.Cp& - Cpa = 50 - 20 - 30 = 
o d 

AHntlCF) = - 3000 cal/mol A 

ŭCpl = -, Cpu-~.C P b - Cpa = 40 - 20 - 30 = -10 
a a 

AHdŬOD = - 5000 - 10,(T - 300) 

lFio.Cpi,CT-Tio) = 20.FaO.(T-Tao) + 30 JFbo.fT-T^ 

S^i.Cpi = NaCpa + Nb.Cpb + Nd.Cpd + Nti.Cpu 



?-7 f 



20. to + aoĴ^Tio^+lĉĵvT ~~ ^* 

Sdectii/jty 5 ^ Zi 
Part (a) 

Cĥo^Ti. 298K Tao . 298K ^^ wtfflmy< 

«*'»•) /■llB) = C(rJ*r3)-V,.Fbo 

*WkW/d(t|».* V*™ d.ooi 

il[»u)/<lt()—iJ*V 

4<Tj /d(t , m , f . 2 0-F*O* (T-TdnJ ) - ( J *Pi D - ( T -tt»J J H ĴSftO* (, rl * 2 <ffi 
VTI*( («MKJr.HO» (T-30BH>-<. Jr S-*wl))/«3»ni»>.-rSOnMlf(* 



C4=Ma/v 



?-#r 




EiJifccnnfd 



ihie FlBal v»Lut! 



J.B61ĴJ. 

J.863Ĵi 
367.317 
««.8312 
362.3(7 




r 






f-fŭ 



E9U£coQt'il 




PartflO 

Let the rale Iaws be : 

Let the rate Iaws be ; 



L=t thc tme laws be : 



f** the rate iaws be : 



^ kLCb ~r2 = fc2.Ca 

N& cbange in thc system, (S - 7.g) 



- rl = fcl.Ca.Cb 
-rl=fci.Ca 
-rl = fcl,Cb 



- r2 = fc2.Ca.Cb 
-i2 = fc2.Ca 
-r2=fc2.cb 



SmalJ selectivity increase. (S - 8) 



- rl = fcl.Ca.Cb 
rl=fcl.Ca.Cb 



- r2 = k2.Ca 
-r2 = fc2,Cb 



Large selectivity decrease, (S - 1.3) 



rl^fcl.Ca 
rl=kl.Cb 



-r2=k2.Ca.Cb 
- r2 = fc2.Ca,Cb 



Hugc selcctiviry increast. (S - 138) 






f-,7? 






P9-I8 ccmt'ri 
Part (c) 



AHrxl cal/moi A 


AHrx2{Ĵ00K) cat/molA 


Temp. K 


Selectivitv 
S 


3000 


5000 


362 


7 9 


5000 


5000 


399 


61 


10000 


5000 


484 


3.9 


1000 


5000 


323 


11.0 


3000 


1000 


354 


8.5 


3000 


10000 


375 


7.2 



If AHix2 is constant , then if AHnU tncreases, T iocreases and S decreases. 
U AHrxl is constant , then if AHrx2(300K) increases. T increases and S decreases. 
S is depepdent on rl aud r2 s whicn depcnd on kl and k2, which depend on the 
temperatuic. The greattr the temperarure in the reactor the smaller tbe ratio berwecn 
kl and k2, nence reduced S. 



f-f? 



%&Mmn, Solution mnual, Chap ter 10 

Chapter 10 

«■«■blnn 10-7. °" eS * P«<™>*' «raitivllv o( I iving ,££££ 

Problems PiO-J, P.0-5 Pkva pin. B t»„ „ 

^■«.Itad,^^™^ "rV," 8 ' vc "~ »" ■* *■ 

probtero fr o m MMlhrou^ rT^-^™" "r , 8 h " M ^ «-<= 

nw- Afc pr o Mem , s 5imjiar w m , 3 M is ^ compto(ed 

Problems PĵO-12 thjoueh Pj<vi.i *t> 

«udent fs asked to Ed «*£E ^f ! -P<* depo^cn where rhe 
t»» past PlO-13 ha£ been assi^ed as a hn u "* ?* Lmiti *8 ^ep. Fn 

problem w 0r ked fa dass. ^ hom^ork probJem and FlO-M „ , 



^O-IS. Califomia problem. 



^ PI °- 17 *™^ «» « to*. ^ deca> , 

B 8, A Verv starfght forward, but with a h» f ŭ 
^ M lth 3 ** f ° r *°* **« go to gukklv. 

P ar[ <e>. * ^ L *** m - L time is an issue, one can omi t 

Pl0-2g i j 

P SS,!* *" ** «* *** h «W ,0 d etermine m8 drav iaw 

'SĈtt» **** ™- fc, and asks „ 



p.10-1 



3rd Edition. Solution Manual, Chapter 10 



PlO-22- Part (a) is typically asssgrted from year to jriear. The remairting probiems (PlO- 
17 through PlO-27) are more complitated and are more appropriate for a 
secortd undergraduate course or a graduate course. 

PI0-27. This problem encompasses the effects of cat_ly_t decay vvith heat effects a,nd 
is a typicaJ digital age problem 

Summarv 

Solution 
Assigned Alterrtates Dif"nc_lty _____ Given 

PlO-1 



P10-2 


P10-3 


PIO-J 


PIO-S 


P10-6 


PlO-7 


P10-8 


PlO-9 




PlC-10 




P1041 




PH>-]_ 


; 


PlO-1. 




PlfJ-14 




p_6-l5 




PlO-16 




PlO-17 




pio-ia 


_____ 


PlO-19 


_____ 


PlO-20 


______ 


PlO-21 


___ 


P10-22 _____■ 


P10-23 


Jfl 


P10-24 


«*_■ 


P10-25 


P10-26 -- i 


P10-27 *-_ ' 


CDPIO-A -— 


CDPIO-B ___— - 


CDPIOC >- 


CDPIO-D ____-^. 


CDPlO-E __ — •r 


CDPlO-F ___— <_j 


CDPICK. — *____! 



p.10-2 



3fd Edittgn .. Solutiort Manual, Chapter 10 



CD10-J 



• = Always assigned, AA = AJways assign one from the group of alternates, 
O = Often, I = Irtĥ-equentjy, S = Seldom, G = Graduate levei 

AlienjaJĉs 

En problems that have a dot in conjunction with AA means that one of the 
prohldms, either the probJem with a dot or any one of the aJternates are 
always assigned. 

lilUE 

Approximate time in minutes it wouid take a B/B* srudent to solve the 
problem. 

Ŭflkultv. 

SF ■ Straight /orward reinforcement of prinriples {plug and chug) 

FSF = Fairly strajght lorward (requires some manipulation of equations or an 

intermediate calculation), 
IC = Inrermediate calculation required 
M n More difficuJt 
OE = Some parts open-ended. 



bte the letter probtems aie found on the CD-ROM. For example A h CDPI-A. 



p-10-3 



3rd Edition SoluKon Manual, Chapter 10 

5uminary Table Ch-TO 

Cata]yr 





Catalvsis 


CVD 


Ordei- 


T vs. t 
Traj 


Moving 
Bed 


STTR 


Basic Reirtforcement 
Prinripks 


3 












Straight fomard 


4,5,9,18 


1344 






18 




Fairly Straight 
Fonvard 


6,7,9,10, 
15 


12 


I7,12(a) 


16(d) 


16(a),14(b), 
22(b),2„(b) 


24(d) 


More Difficult 


7(c),ll 




23,24,25, 
26 


20,2l(e) 


16(c),27 




Opcn-ended 








16(e) 






Critical Thinking 










24(d) 





p.10-4 



Chapter 10 

PlO-1 No solution will be given. 

PlO-2 

(a) Use the eouations from Examplc 1 0-3 in POLYMATH. Change P a to 80 atm and 
then to 2 atm. The effects can be seen in the fol!owijig fow grapbs: 



i Eer t, ' »0 1 








-»■5 -, h| 



£ t£d y vn. W foj 




0*) Temperature-time trajeciories for I* and 2™* Oflfef ckfcffjf, 

Case I 

E A = 35 fccal/mol E^ = 10 kcal/mo! <$* = 0.01 day-l T„ = 400K 

t rt order decay: 

'=a:['-^(fil]wH^i7(f^li 



lT 400 



/0 *J 



P]Ŭ-2(cont'd) 
2 ri order decay: 



-^^fe^-K-H' 



Casc2 

E A = 10 kcal/mol 

]"orda-decay: 



E^Skcal/mo! d^ = 0-0id*y-l T a = 40OK 



.3Wl[l-«p[l'*l{f-ĵŝ| 
2"" ordcr dccay: 

Use these equaiions in Ek«1 to g^raie Uk following grapfc: 



(d) 


A 



rti 


(flĵ 


lo 


Dccay La 1 



Tempertturr-Kmr TraJErten' 
lstord*rd>e*r 




4W 


/ 




C.2 j 
1 — ^- 




JZZ^l 




g nc a» soa •» 
■Ejne (6»ysl 













Zn d rd*r fca j 


j«J 




3 

I 


L ^ 1 - 


■ C»se2 ^^"^ 


X Csse 1 






»0 *£ , *» 

TJnsr <.dayt} ^^___^ 



/a-Ĝ 



P1fr2(confd) 



(c) 



Use ihe POLVMATH program from Exampk 10-5, 

By siniply thanging the vali« of t we can see i* effeei on the mioiaHtn 
conccnlralion. An increasc in t causes a decrea* in _« mjmmum conecmraiion 
whjfe a decreasc Jn t causes an incrcase in coocentratioŭ 

Whcn ihc reacior is full f inens. thc catal) st Hfedme , s | 0nger . 

When we change the values f fc m d k tŭ 1 20 and 1 2 respecti v e |y, wc see a 
decreasc in ihe cata]ysi lifetime. y 

Agajn use lh e POLVMATH prcgram from Examp|e 1*3. Whcn t is changed to 
uj i Am * " ™>^m When t j* changcd lo 0,Q ! h, C =0 509 

For the solidf! snd rwctanw eniering from djffercni endi of thc rttCtor: 



Decay Law > (f or I si order decay) — = -k ;i a 



Cooibm 



to(aj 






dW u s 



dii k 
a U s 



W + k, 



~U S 

ForW-W w<a = ]; 

k.=-ii=-W 

u, - 



b(i)=o=|iLw__ + k l 

b( a }^^(w-w m } 



a=Mp [u7 (w " w - } | 

_X_ _ (O.6X0.075) : (j O t QO0)r /q7' , V| 



X^0.55 



/&- j 



PI0-2{cont"d) 

(f) 



Design Equalion : F Ao — = a( W)(-r A ) 



Rate Law ; 


n*m 




Deeay Law : 


.--1* *> 


W = 0, a = 1 


Sioichiometrj : 


C A =C A ,(1-X) 




Cŭmbining : 


dX l 

A0 dw", (V 


-kc^a-^ 1 



*fe> 






(0.6X0.075) 



-*y(ln(l + 22000/ y)) wherey = 



y = 8796.1 2 gcai = ^ 



U, = 6333.2 gcai/min 



(g) 



„ „ l-* „ 1-Jf 

c =c = c 



Combining: 



F -^L-t-^^tc- f— — T 

F ^dW * "11 + 2x1 

J[] + 2Xj F„ { 

4(l + 2)ba^X) + 4X + I ^ = ^^(i-e^) 

121ri(l-X)+4X + — = 1.24 
V 1-X 

SolveforX =* X = 0.37 

37% Conversion / ~ ^ 



PlO-2 (conI'd) 

(h) Use the POLYMATH progrem given in Lhe example probkm anrf vary al) of the 
staied pŭraraeteis. 

k' has Lhe largesl eifen on ihe eonversion, fol)owcd by A, % and P„. 

When the ratio of k to U, and k 10 A is increased. itae conversion is increased. 
When (hesc aic decreased ihe conversion decreases. 

Use Lhe foHotving POLVMATH pro|ram ld genrrate graphs of ihe canveision 
and activitv profiles f« U. = 0.025 m/s, 0,25 m/s. 2.5 m/s. and 25 mfc: 





It is apparem ttaai as U„ increases, acnvitv ineptajt s and conversion decreases, 

Use the same program io varv U, and S tnerate values for 0« exti eonvcreion and 
activity. Use ttaesc values m Excel to generate ihe fol!owing gjaph; 



/o-f 




CoDveiskro anri Artivity vs. Gas Veĥxity 








- :■"'. ■ 
1 

01 










^---— — _ 


<~*~ 




) 10 10 K> «0 50 



FlQ-3 



f S^ 



W • S + 1 • S**+TBA * S + S r s " k s C w.s S»S 



^Sba*; 



TBA*S*+TBA + S 
<a> Snrface Rjta Limiffid 



.-4*--^] 






WVir$» fc 



: 



C™ = "p^" = ^*^ , since — = K^ 



rt«,Sr< 



{sv3* 



K,K S K W 



/o -& 



PlO-3 <cont'd) 
C T = C v + Ci* + C w .s + Ctba.s " CvO + KjCi + K*Cw + KtbaCtba) 



: S K i K w C i S C w 



-r, o •£_ , = r. 



TBA 

s 



(K^V*m<W) 

(b) Adsorpbon kobutene Limiicd 



S^S^S^V*^ ' ^TBA.S' 


' C TBA C V SllA 


-^l-o c , CvC ^* s 


- Sua^tbaS 


**H S yt]^ 


S "Sba 


k 4^] 





[*WW%^J 



(c) Qev Rideal Kineties 



c,„=k,c,c„ 



{^-fel 



* 7+^ĉ77Z-q-' ^* = Wr ** ^ = ? 



A.A^ 



(Ĝ "// 



P10-3(com'd> 

(d) W-S + NS «TBA+S.+S 



I i 

C TBA C Vi C ^ 



T2 V2 

c ..sr*SS c v, . V^O^S) 

r, = 7 >j r , wbcre Jl = k s K r K,C Tt C T , 



H+E-*A 
EleyRideil 

E-S++ A + S 



f S =t s[ C E.S P H] 
C T= C V + C £, £ 



/o -M 



£U*— * A (buianoJ) |» B (burenc) + C (water) 
foĵ Possibfe meohanis— ; 

A + S J|* A-S 
A-S+S £ B-S+C-S 
B-S £ B + S 

c-s f* c + s 

Assumc surface f— rrion concraUIng: 



4*-ti 



rs*fcs(C A 4Cs-C84Cc4/Ks) 
r„ ■ koe CC aj! - P B Cs/K Da ĵ 
nsc - koc (Ccs - P c Cj/Koc) 



^ 



c s ,.^l. PbKasCs 



— ^-^«*M& 



*i«baI M « ; c T = Cs + C A , + C 8ĵ + Cc S = C ! U + K AA P A + K«P B + K«P c > 

n+pAK^^PeK^ + PcKAc) 2 

a Pbo « znd Pco ~ o . tbeti 



(^PAoK^^l+ijPi^tjP^ 
^ is consisjH,: ^_ _,. obseivaiiOTU 

< b ) F-m _ e flg _^ 

^int nuojb— i 



/k^kjK^Cfl 

*b-c , ti = Kj^ ) 



^ĥTHb 

p ao (atm) 



: 

0.275 
4.5 
4 05 



0.5 
27 



Ŭ.77 

112 



o.s 
229 



/Ĝ ~ 13 



PlD-5 (com T d> 

At large ? M i -z = hZĝS. . |l |J_] ; USU!g point 6 : _ = {229) (0-5) = 1 14 

At smail P,_ : -/_ « k, P^ : nang potnt 2 : k, « 0061 =» k| - 5.34x10^* 

*V, 0.061 P„ .._ fcj- DJKi.a.. 134) , i(r 4 p 

l + S^io-^Pij + kjPio , r ' p Aŭ 

Using poim 3: fc* - TjOĴKliH ^ — kj _ 3J9x)0^ 

■ T ■ ■ „ i ,,«.4*1 (Tbe reasoti fet _c difTcrcnt 

Uan g pQ ln ,4: k,- 3.19x10-1 l.luoof kj iihroiadi., 

UstngpointĴ: kj * |. 05x10 2 J ~* ~ tph) 



IS.Ŭ- . , y - A3103 ^ 0.073337* R- 0*5583 




mi«rc»pi=i/k fl -'s 4.31 

R_ 0.0 54 



LSO 200 350 



c) Find the percent of vacant sites. 



%vacant--7 Li =- 



*Ĉt CsO + K^ + K^Pb + K.cPc) 
P b and P c = so that reduces to: 

1 1 



%vacant = 



1 + K AA P A0~ 1 + 0.015% -9f> 



-0.41 



Find the percent of sites occupied by A and B. No B will have occup! 
sitesatX = 0. So: 

-..__K».P* 0.01595-90 _ a; „ 

1 + K^Pa 1 + 0.01595*90 

d) No solution will be given. y £) - / ^ 



DO-6 



ME -+ DME +- HiO 




-■■-II I 1- 



- f I I -f 



100 200 

Tbtr^offom^ofDME&gnaicrimnill^ TTris U * nsult of am «om ri« btin* 
l^^vaiUbfcformaoionbee^^ AidmgOHOc 

Itec^uuibriamconcentraaonof^^iiicsBftachai Wuc r is moŭfr jdscrtcc 1 oo chŭ 
CmlvSL 

ftobablE Mectmism 

ME + S £ ME ■ S 

2ME -S-*W.S+ DME + S 

Attttmc Suriace Etcacuon Connots 

Cme-s - Kme Pme Cv 
Cw j = Kw Pw Cv 



r *r - r s = 



(i+JW + jc^) : 



vrfiere fr = fejfiLC? 



/0 - /5" 



HP-7 



Givcn; Kineric ra&: ptpression for the rcductioti of NO ovcr i soEid canlvst 



^FnPc 



Fn m parriai pressue NO 
Pc = parrial pTessure CO 



(1 + K,P* + K*P C J* 
Assume thai oventli rearaiori is of the fortfj 

NO + CO-^INj + COt 
(a) [( Ls sceti that neither N^ or COi appcar in ihe denonunaicr. This infm thai ncither is 
adsorbcd On the caalvsi. On ihc othcr iaad. it cjji be infered thai both NO and CO are 
adsorbcd on the surface. The sqiurtd deflonsinaior suggcsts i duai stie surfaet feaction of 
thc adsorbaies of NO anrt CO. Thercfore the following o 



NCKg) + S ;* NO ■ S Pc = P oo 

fctN 
COffi} + S £ CO-5 



~r«< - i=AN [P*r C s - Cno^/Kam] 
^oa-lccsrPcCs-CcoVKcN] 



NO ■ S +CO - S -» i N* + CO2 + 2S 

With ihe surface reaerjon controiling 

gji=0 Cno-s^K^PnCj 

£^ = Ccos = ^PcC s 

■CK 

Then C T - C s + Cso^ * Ccos = C s [ J + K^j P^ + Kq/ Pcl 

and [herefore reacdon is -r s = fc s C|s*>s Cco-s = ks Cs P* Pc K^ Kcn 

or T^JElK^K cv PvP cCf * ith *i = ^CtK^Kcn 
;i + Ka.v Ptj + Kcs Pc? K L = K ** 



ki P c P* 



K: = Kcn 



[l + K t PM + K 2 P c F 
(b) Assume thai Pc » Pn- Thcrt P^ changes verv lirde chr-.nr ih; cocrsc of the rcacuon 
and rcmains consur.t. A nrachnuiri in f-r s ) then occurs, fer a fixed value of P>? at: 

/Ĝ -/& 



, 




ta^^ta,,, Itat _ ^^ 8 " 1 ^^^^^— fe«t 

^ccmic. Itappears rhai cben b m -*- 
™raasmi.ft ccn acalViJi,c <> /p cison i v . m . . " 



tifcjs 

MEK-S^ MEK + S 



" r MEK : 



(i + KsuPlEtajF 



P 3 ^ prcssums of MEK «J u ^, 



/Ĝ - ;y 



PlO-8 (confd) 
(b) 



-st + ^ 



Mofe Ealince on diflcrential nactur 



P». 

2 
0.1 
.5 

! 

2 
I 



S.74 
I 3$ 
2M 

*.08 

&ft2 

4.12 



k*0.5B 




hrg ■cal 



u =-^iP* md 



(1 +2.ip A j*l»g-eal 



(c) 

Design Equatioi 

RateLaw: 



dX _-r; 



kP A 



(1 + KaP*/ £=! 



Stoichiometry ; 

Use these equations iD POLVMATH to find the caialyst wei_ht necessarv 
conversion. 



conversion. 
W = 21.8kg 



-1 

to acbieve 90* 



/ŭ -/7 



J: 



PlO-8 (confd) 



(d) Usc ihis same POLVMATH program to 



generate thc desired graph: 



No presiDre rh*ng« 

d<*)/dlwL=-rA/f ao 
P*e*lO 

JfAOpSOO 

ka»2 1 

PA-PH*[ [!-*)/ [l*x) ) 

ra — O 80*p*/fUka*p*>-*2 

»t*"-e« 

V Q * 0l "t ■ 23 



fut* V», C«w»rilo B 







Now cotisider tbe change m pressure: 



Stoichiom«ry: P, =C A RT^ C^/ 1 "* \1rt - p_ P 0~X\ 

ni +£ xjp7 T =* P *~Hn^F 



Pressure 



&=^'-> 



Eguatiens: 

T7T777— Inltial ralut 

<ltx] /dfwM-ra/fao ~ 

d fy ) /d (w) =-alp?ja- ( i+x) /2/y 

Pao=ZO 

fae.= 600 

ita=2.: 

alpha=0.0ĵ ii^ 

pa=pao-< (l-x)/tl+jO> -" 

ra=-5eo *pa/ ( l*ka-pa] "2 

ra-;e = -ra 

v a m °- w f = 23 




/0 V? 



P10-9 



® 



Iso-ociene + Hydrogeo — * ist-occme 
A + B -t C 



-tcsctct 

Forruns2and3, 0<a<l | 2 and 4 , < < I ; am! 2 acd S . - 1< y < 0, From 
Peny( hajjdbooL Ĵcfa oi, p, 4^B; thc nscnon i* probably safra reacdon rate eoriŭorJing. 
Mcchanisml (rLAtvord): 
X A*S?tA»S 

Bi + 2S ^ 2B ■ S 
A-S + 2B*S£ C-S + 2S 
C-S £ C + S 



Hcrifc, 



ll + K^PA + Ktf^ + KcPcP 
Meehanisa) E (5. L. MuJlick); 

B + S ^ B-S 
A.S+B.S 2± C*S + S 

c>s £ c + s 



■*A"r 



1c[PaPs-Pc^1 



[I+KaPa + KbPb + KcPc/ 
From mns 2, 9 11 . 12, P A = ? s = P c = P, , pj« of ^ tig P 5 hows i parabolllc 
behavior. therefore *e *m drop tfa E «oond tcrm in thc denotnbator for easy lineariiaŭoo. 
The readers ^ calculsre K^ value by Gtbbs &« energv changcin rjtiseauaricfl fep ro650 

K, the rtverse rezcabn is ntgtigible) 
The Iinearized regression mcdd is: 

(Vtf Ĵ —L-KaJa. , Kj^ + Kc^, 

A ' k ai k ' 1 ic°- s fe - 5 
Lfsing given 1 2 daLa points to solve for thcse four ur.xno*ns: 
y e 3.0 + 1.42 P A + 0.97 F B - 1.42 P c 

/<£'*££ 



PJ0-9(cŭnt'd) 



Run D. n rp r, ^, » 



Rm, p A Pa 



p c C«p.) 



io 
n 

12 




I 

I 
j 

3 


o 

10 

2 

r:z 
0, 1 
5 



0.O3S2 
0,0239 
0.0390 
0.0351 
O.OIM 
0.0534 
Ŭ03J0 
0.0033 
0.03 m 
0.0032 
0.OOOS 
O0Ĵ66 



5 U 

6 .17 

y 77 

S\23 

9.37 
13.69 

17.96 
10.41 
I0J6 
3.54 

3.5 J 
21.U2 



f«lc) % CTTW 



0.0345 
0.0227 
D.04iO 
0.0334 
0,0320 
0.0JO5 
0.0302 
0.003)5 
0.03SO 
0.002SS 

o.oooss 

0599 

tiuaif - S9J, 
W$ = 4.9 



-4 .8 
-4.7 
■ S 
■M 

*5.7 
J -i 
2.6 

-4.5 
ŭ 

M 

10,7 



K:trr ,w "*"" ,,, --'-~-* 



HHIJ ^ 



/0 -^/ 



Pio-9 (com*d) 

CSTR : W 






0.1113 (1.5t*n-Q.8)Ml -0.5x0.8)' 
-J-S .[0.797 - 0.385 * o.sf! 



1 I - 0.5 x Ŭ.S 
W- 21380 g = 21.4 kg 

W » Fao i^ 

w-iso| 

/, 0.1113(1 



.3fQ.Xf/(l. 0.3X1* 



t I + 1^0JX ia7970Ĵ83X] r 

W- -50. -JG{XjdX 

0.11 13 x 2J25 J, 

^(l-OJK) 1 



, 13 [0.797 ■ 0.3S3 X>1» 
. 1 - Q.5.X__ 




0. 1 
0.2 
0.3 

4 
0.5 
0.6 
0.7 



G(X) 

-*: 

5.3* 

6.13 
7.16 

51.00 

15.03 
23.15 
44.62 




0.8 

Using Simpsons ruie. 
3Jta undtr the curve - E0 



W = - 



150 



0,1113x2.25 



< LO = 60OO_ = 6k_ 



/<? - <^£, 



IMf 



Ui,-__ 



p I0-9 (confd) 

In - Oui + Gcnenŭon = Accum^ion 

*MW - m - -^J^^U)] 

But; 4v(£}C,f£) = ^(i) = /r Jj . ^ 



ft-JWUX> - lF,(]-X) 















1.73G 



.*■*■ Afcp on RHS «6 con^ CXCcpL f[jr p 
*. 1» r 



p* 1 **?:.!^ 

r 



/0-<&3 



P10-9 (confd) 
■ _ LG(1-,) f l50(lH»n ^ 



"itei 



TSP 



g_- 31174 JjHIL^Ŭ_ 



H -F_arfl_) l hr r »_. 



_(FacHIU ^FboihbI 



rUus.l 



Ga 7^9 _____ 
T ft*hr 



lbmd ' RT (ŭT30lJŬ-a.j [(M + 3 73.1S)a.a.'R 
l ItmoFR. 

p„ - 0-2750 ^ 



li(ĵ atm,2aO°c) = 9.4719 x 10* cp (lc_, J-H,' 



= 8.6211 x 10 J cp (allCi) 
(9.4719- 10- 3 + g.62nx io- ĵ } 



PPROP 



cp 6.7197x10-* 



ftseccp 



X 3ĜDQ___, 
hr 

M-0.021SS^ 



(35 ft) 



f^t.JB-a.1 

fr hri 



ill-0.4)f. 



150(1 - Q.4}{Q.0Z18S JlBL) 

r-i- JtM* l75 |______l_____ 

1 T 'fi*ta 



IT92 1 



/o-&4 



P10-9 (confd) 

jg.„f ,LdATpc(lHn 1„ , ,, 

frlKRT R Aa k P A p H 

(I+K^P^ + KbPd + KcPc^ 



/.: 



"~~F^ "~ i K i="(K A + K s )P a . ^-(Kc-Ka^JP, 

*"= corssms. we o» the sokdon of 6. 10 f 3 ) 

■ K A -o.47Jam'» ; K^ = 0S21^ 



-'■ k; - f 0.475 + 322 j 3 a i39i 

Jr, ( ?- 414 - °-*75 - 0.332)3 *-U 49 






/^ " ^ 



PlO-9 (confd) 



p; - (^l * 10* £*) (378,0? ♦ lWj 



ft*hr 



T T i 



A FORTRANprograrn JS wntten lo solve tbe «juations The nsuhs show that anv 
* ^ *«««<* «> albw the givcn fiow mes with a po S i tl vc pressure provid* 
^™ i ^ĵ*^ for lh * dcsirod conversion Tbe probietn as sta«<d. thereforT 
has no soJut.on However, wt can ehoose « differem L, «ntHr onlv ci^g.slhe 
dtmensiooies* panunelm VVtth L = 20, th* problem is stil! unsoJvable 



ForL-lOfr , T - 2.16 cuba m ^- - 0-46 
Noce: Usingti 



Dr-T^in . |i-9.0Sx 10-i q> 

L*lOft , A*2.15in : 
=»X-0.SO , p' = 0.7537 
Using l ]£ ui schedule SO ptpe (ID. = l J in) . A « 1.76715 in*and ihe lenpfc to gn 
X = 0,8 is impossible fp f < 0). 

With 2 in seheduJe SD pipe (LD. - 1-939 la) . A = 2.9Ĵ2S77 in* 
This givcs L - 6.67 ft , X = 0.80 andF = 0.9173 
1 1/2 in scheduk « =• A = 2.03580 in 2 

L=L0.9i857 , X = 0.3 andP- 0.6903 



/ĝ - &6 






Assudk a ra^Iimiting step; st3r twkb Surfaw ^^ 

BS^B + S 

H S^H + S 
Assume a nttcĥtin.ting step; stan wiib surface reachon 

Come up wiih ways lo find p_, p M „<* p 

>-0 £*#-#*&«& 



. £& 









Find the ejtprcssion for C, 

q = c, + c A . t + Cfl , + Cll , s 

Combii» aU of those to gei the folbwir,g raie law su^suon, 
r = .W,f? tp 

wi«h £ 5f JS. ' ?H mCrea££ ^ "* wm S° *W* ^hich is coasistent 

b) Now using FOLYMATH* S tMsmvmŭ* 

ror the p^ramciers. Wefindshai 
k = 0.00137 
K. = 4,76 
K B =, 0.259 
Kc = 0.424 



regression we can find the values 



/0 -J7 



PlO-lO(confd) 



H i o 1 1 1 n 1 



**, - &»909? 






t- »* ■ 4,Ĵ«J33»-l9 



c) No soluiion will be given. 



Rate law: 



_ ^opCac c n*oh 



Proposed Mechanimi. 

Pd + CO' Pd-CO 



Pd CO + NaOH' Pd ■ CO NaOH 

AC + Pd^AC-Pd 

AC - Pd + Pd - CO - NaOH 1 CjH«CQOH + NaCl + 2Pd 

Neither of the first two reaclions can be HrnULng because they are reversibfc* 
The rate step must be ineversible because there is no subtraction function i* 1 
the munerator. 



/o -^r 









P1<MI (conj'd) 

We "« ftgtgMSi «U ecjuation as the r^Iinuung step; 
Then 

Fmd eguations for C BJ _ r aT J> 



*ACO 



C PdCO ~ C vC C o K CX) 

^■oh ^CON*», = KcoK NlOH C v C NlOH C C0 

C W AC = 






Combine to fmd C„ 

Trjring reaction 4: 

r* = k *C PttpAC C ntco>NiOH 
^d.^c cannot be found so therefore thi* ™* D 1« i 



Ŭfcl2 
■ ») Assunne that the second reaction is the rate-limiting step. 

Sp U *ing PSSH, we know that 



^■s-O-k^C^^.sC. 
kC C 



^Qyr,Q- 



/£><£? 



PJ(M2(coin'd) 
Perfcnn a site balance: 
C ( = C v + C SlH< .j 

C v = C ' 
l + KC SlH4 

Combining all o/ these we find: 

r - k ' C 5iH«C, ^s.H,, 
S l + KC SiH /l + KC slHi 

This rate law is consistent wilh the data. As the concentratiorv gets Jarger, the 
rate diange gcts smalfer which is consistent with the rate law as given. 

b) No answer is right or wron& but the points will probablv be higher than 
the ones given to see that the change in rate becomes even smalJer. 

PlO-lif 

Ai low [ĉmpcrarjft f 120*Q ihe reacrion gocs from 2nd order 10 aro order, Ai high 
lemperaruits oniy stcond order. 

vttp_->vo,-p Levisvnro 

VI + "f -4 m .- $ 

2 V[ . s -+ 2VO: + P: + S 

r VD, " " r vT = r 5 = *=S &I 

fvi - Kvi Pv\ fv 

1 = fv + f vi 



./ _ _kg Kl-j Pt-t 

1 VT ~^ 



^ 



( 1 + Kvi PvrJ 2 (l * Kvt Pvrf ~ VOt 
ai higb lemperaiure Kvi Pvi « 1 anri -r^ = k Pvi 



/0 - _?D 



PI0-13(cont'd) 
Uueagc 



V^^f^ 



*¥1 

(pvi/v^t) 



CL0O4 
0.1 



0,015 

0.; 
L63 



0? 

0.3 

J 7^ 



lt - 0,49 vmfa . Tonl 

SJo^ = £%. - 2,50 - 1 43 . ,,„ ._ 

VIF ] ■■- 1.13/0ioVhr) w 

Kvi«U3fF«Ul 
1.43 

Kvi -= 0.79/Torr 



EUW 

0.5 

-■:u 



0.0&5 

■;.7 

L40 



:l ] 6 
1.1 



tlSklŝ 

**#*&_ = /.fl + **_>) 

»Q_*JHtJ_L 

1+PlKj 



Pl-Kpf^Ppj 



f ~~*i3__ 



Lo* 



Sioce 



lA^P,;)K = P^P^ 
Rxd is secood order 
t>>KPfnsfo, 



ftj* 



I « K PfnpVp Pl 
Prnp Kp Kj <:< p Pt 



fŭ -j/ 



FlO-15 

Giv«t 

Keq m 6.0 at 4ŬO*F - &SC*R 

E=* 26.900 Biu/lbmol 

-r A = fc fC A - Cs/Keq] fw frtsh caalvji 



B over a Siĵpporod caialvss 



*■ 



V 



e a -o 

Lei p a = loludcm dcnsicv (consutn) 
(MW) A ■ moL wt 



t& 



= n»[erecydcd 
molc fcd 



Thcn Faf = 



[Mffk 



"(Mft^ 



AjsmneTDoinsTdeofmrractedA. Then Fa* = Fao 
By maierial balance oo thc T Op tg em hi tbe rcasiDn 



yA0 Pp Uq 



"1-^ 



^ 



F M -F* 






1-^ 



TTien -r A = ak [C A - C B /Kd where a = aajvity 
C* = C A0 (I-X} : C B ^CwX : V = F A J 



*/* 



/o -3%, 



PJ0-l5(_onid) 

v "^Y('*ifcH" ,T ^ m 

C__ E Ft^ ca_ly 5t : Cx-1 , f - 350*F : u* = . [ -- . YKf _ 023 
G X Af » 1 >AF " 0,75 

I C«iIT: Spcn. catajvu , T-400T , u A «_00-- , rtf .fcX| 

J, ■■■XAJ=-l-y Ar _o.6S ByAirt C aBB ieiU i Dnj j. ipp ^ th . 
fci « vdociiy coi___t u T, - fiI0*ft 
l_ * velodty coRittm *i T_ - SflTfc 

\ k_ = t, exp I- ?fWOfi Rrn^v^i ■ , __ii , . 

I 1-937 B_lbn»|*R l_60°it " ŜĤfr]) * ' 

'Tonj Eqi_i(oci /a) 

5 n* v_._J9°_^ h ______ pi 

wi_. _ 596 _ 5Q< 

C^HL Af_rACCfCE^«_ive :_*!_=_; t=350»F ; u A = 220^1 . yAf _ . I9 

^^ equaMrt (a>: 



_jtj v HOgai/hr 



lo.3i, ! H- i J J | , "[,.| i4 J_)( . g „j 



srtM 



'■ P ^ fa) of ACC giiarmte b ^ SM_fiftd ODnpanng C _* £ _ C_* D 

SŭL^ Qj_5_i , 

*- 0.340 = — ° ? —-■ Howevcr regmer^vc lech^uc „«„ __„ *___« p-_ f| 

E ACC pi_B _-, Thereibnr _e ACC £L__-____e v*_j -__ / _) -__£_?* 






PlO-16 

a) Mole balance: 






Dccay Iaw: 






Sioichioroetiy: 







d[x)/dfw).*-(-r*)/ffto. 
d (aj /dfw) =-kd*a»cft/a» 

kd*9 

ffto=*oooooo 

Us=2SO0OO 
k=JO 

cac= . fi 
*pi=.6 

casciB* <l-3t) / (l»eps*x) 

is=i-k'ci 

*0 = °- v t = 50000 



rnitial valuB 



Hovi ng-Ŭ*d Rflactor 




/o-^y 



; *m-ie [jjj 5 

«t«I/dft)=-k« 

dtC=l)/d{t}=C8 

I <lfe«)/dft)=c 

4fc*l)/d<t)= C 

***=(]. ■00« 

et =i 

: c*o*o.8 
^4-=c<u/ cto 

y*i Bcal/cto 

^o^cao/ctD 

^ * °- E f * 



b) Mole balance: 



l C.0 



--__._____ 

dt t 


J-U-- + __j 
] + ___ 


( ) 


_____£_„. 

dt T 


1 + ĥ» 

- ■/#•■ + __t 


£__,-___. 

rfl " t 


^ + ^ 
1 + iii 


£__v____ 

_r r 


L ^ J 



Everything else is ihe samc and wc ntcd io knovv T. 



T - — = 0.004 
^KO-IS |fa) 5 _STR'_ i_ Serifii 
a(-)/d(r)=-kd-a-ca 

I -(-*] /d(t) ~cai/tau-H &*_•__}./ (l«et/_$b. J *t__*_+„j •__/___ 
I -(c_4j /_.< t j a __j ,__,__ ( , ( i +s ~j j / [!+__._/_ __j >+c_u'_.+k} •__./& 
I p!*l)/_(t>*e__/t-u- [ t U+y-_j/ (i*«a/ceo) } +-__■*_--> •_*_/_ 
•• «(«2)/d(c}.cal/c_u-( Hl+y_l} / [_+___/ ctc .] )_t_u+_*M -c__/t 
(caĵ } /d ( e } =ca2 / t_u- ( H 1 +ya_ } / ( 1 *c_3, /ct_ ] ) *tau *_* k } ' ea3 / 1 

**»!».___ 

tc °=l ;._= _ (_l J CSJSl 



If-i; :.-.:. vaiji 



lc_ 



_ac= C; 



hc *--, a } / c _ 



/#*£_£■ 




Pl0-I6(coafd) 

c) Tbe orJy change from part (a) \s the decav law: 



dt 


-k t aC A 


Jr=—Btt 


dt = 


-dW 


da 
dW 


-*£*• 

Vi 


Integraiing; 




tns 





l^VV^^a-l 










Inlcinl vnlu* 



mj-Scd mactor lCounc«rnJ 



epa».B 

c*=cao* <l-xl / ( i+*ps** ! 

ra=-Jt*c*. 

a=ej!p()n5'ca/Us' (v-vicaĵii 
W ■ " °" W f - 5000D- 




d) To Bud theTinK-Temperanirt Trajectoi} vve aeed to use the rclJŭwing equauon 
for fust-order decay. 



' **CA 



/0 -<?£ 



P10-16{cont'd) 

Sirice no initiaJ iemper2iure vas given. we assumed one of 300K. This is the eraDh 
oflhateauation 6 F 



1000 
Ĵ^BOO 

■ ~60C 



Temperature-Ttme 
tra]ectory 



j 



0.1 0-2 



e) The two cnergy of activfiiions are i*itched and this b thc new graph made. 



Temporature-Time 
Trajectory 

1000 
^^00 

> Sboo 



E «400 
• 200 i ; 



°rfft* W 006 

The graph looks the saroc-jua tbe time is much sntalkr. 



For aJJ of the patts, the molc balance^ snd rate ]aws are the same. They a 






dC e 
*dW = ^ 

r B = fcaC, 



a) Find ihe equation needed for a. 



- — = k,aC, 

At * A 



fl = exp(- kfCj) 

a= 1 when t=0 



Assnming values for v* k, and kj come up vvich the fotlouing graohs accordins r< 
the eases describcd. 



P]0-17(com'd) 

fcgtiji" i_:>n:i 

d£<rb)/d(w>=rb*vi> 
d[ca)/diw|*ra-vo 

ta i 

r. = M 



:ni-: -al VjvLue 



«-, 






f 


0.40C - 








S.H» . 








— — T*^ 


-^ 




b) Fiod the new equĵiion fcr ar 






1 + A,<V 
Using same values come up witb ibesc graphs,' 



d(cb L /d{w)=rb*vo 

d(«.j/diw L =ra'vo 



loitiai v*lua 



Kd=.001 

t*lfl«fi 

k=: 

a.»l/(I*kd*ea*E> 

«=-*** *ea 

rb=k*fl*e* 



/a-JF 




Pl0-I7{cont'd) 




c*« ij: « t , 10 




c) Fmcl thc ntw 6q U ation for a 



Tlic foiJo^ing graphs are raade: 

d <**SAJ<wWfl*iK, 
*<*b)Mfw)-rb*v& 



t<D00 

*-J*P(-ta)*cb*t) 
**»►:■« -ca 
*"*--**« *cŭ 



f fc> 



c»*» f « t .jBo 





/ĉ-J9 



P]<M7(com'd) 

d) Making a inro a differeniial eq_aiion wt comc up wi(h this: 





fi$ 


Jt rf C A a 




1 p, 








£/, 


J .j.jt. i"r- 

d[e«j/_Uwi 


■«**> 




4leb)/_Hw> 


*rb*vt> 




'll.il.Mivi 


-Vd*»*c*..lJi 


vo-lŭ 







i4k :i« I 





<4S C»*« III 




e) Evtiyihing from part (d) is Lbe sarrte except for the decay law. 



■0 


- - V C A 




^MU "^ 




Ol 


dt = 





/6~W 



P10-17(cont'd) 






Inlegratiiig: 



U s 



..«pfisa^Mj 



d(eb>/d<w]. r b*ve 



fl-«tpfJtd-M/U*Mw-WB 



:i_ 



*■>*> ii 



f»ji e&» :ii 




/6-4/ 



Pio-ia 

a) Stan wiih a mok balance: 

dW F AŬ 
Rate law comcs nexl; 

~< = *,o 
Then ihe decay law: 

dt, 



,;.> 



t = 



w 



= i, 

dW U t 

We ihen come up with ibc equaiion for the profu 

/ 5 =!60 , '(F„)^lO-(Uj) 

Where: 



Then plug into POLYMATH inŭ get ihe following program, The fetd rate of 
solids that givei a maxinium profjt h 4 kg/min. 



d{ŭl/d(ui=-]cd/(js 
d(x)/d[wJ=-ra/fftD 
fao=l 

ra=-fcc*a 
fbafao** 



■ :. 



Icicial valu» 



*f - ■ 



/6-4* 



PI0-18(contd) 

b) As seen above: X = 0.75 and a = 5 

c> The only equation [hal changcs is ihe raie la*-; 















lniegraung wc gei ihis: 




..-£-_ + , 




*- = W MAi @a=] 











a 



Ifetiogij 



Irtitial '■•alktc 



*" i '<'«l>.:h-_<f_ .„ i .i. 

w i = i 



1 ) th*n £ 1 - kd/Us * t Maax-T 



We fmd u - 0.8 to maximize ihe profit. X = 



I and a =0cX)_Bj thc reacior. 



/0 -^ 



PIO-19 

a) Sian wiih ihe rnole balance for a halch rcaclor, 



dX _ -rfW 
di N T6 



•JmkjZ* 



Decaj' )aw: 



Sioichiomeiry: 

Pluggmg those mio POLVMATH geis ihe fottoving program and thc following 
graph 



d<x)/4< 


t)' 


>-rt*w/ni 


diat/di 


i ■' 


■ -Jtd*a-2 


w-5 






tet-20 






fcd-l.S 






pto-l 






V J 






H-=.0S2 






T-735 






pt=pto* 


11- 


-X) 


rt=-bcc" 


P' 


■3 


hto^pta 




*«*T1 




b) For the rnoving-bed reacsor tfte mole balance cioh becomes: 

dX _- r ; 
dW ~ F m 



The decay law now becomes: 

da _ kjtr 
~dW~ Ui 



/6 - V^ 



FlO-19 (com'd) 



EvervthJJig srays the same. Plug into POLYMATH 
1 he conversjon aclueved is X = 0.266 



ia-isb 
BquatJ.ona : 
d(x]/d(*]«-rt;f.(i 
dt*>/d(*)«-lcd***J/t 

kt-10 
f*ŭ-«GQ 
kd-1,6 
U*-2 

pto-2 

pt-pt&«:i-K) 

rt--)tt« P t"» 



Ini-ul ralu» 



;' 



c) InCtt«mg U s will gct us a highcr conversion. Looking at this summarv utble. 
U, = lOkg/hand X = 0.6 J 




(d) For second-ordcr decay: 
I-e*p 



l^exp 



~ ^/E T ) 
:al/mol and E„ 

It"toJI 



k da (l-2 + E 1J /E r ) k fc (E,/E T -l) 

For E^ = 25 kcal/mol and E, = 3 kcal/mol: 

10-25 

M T~TVŜ If 



0.00IOS7 1 



HHHI 



(1.6X10/25-1) 
Use this esjuation in Ejtccl so generatc the following graph; 

/Ĝ - $dT 



PlO-19 (conld) 



1- 


T#iG(icraturc-Tim Tr»j«torĵ r 

Ej=lS 1(1 d E,= IO 




_^-~ 








W f» )M «4 

Hiat [k! 



*54 

I 
1= ■- 


TtiTjtraliire-Tirra: TrajtctM? 








1 


/ 


-> 






' IHuOO ' 





For E^ _ ] lccaVtnol and E, ■ 25 kcal/mol: 

Usc Lhis equa_on in Exce) io generate the abovc graph. 



(e) ln part e, the onty Lhmg thai changej froca (b) is the decay law and the decay 
conslanr; 

__ _ yg__ 
dw u t 

k 4 - 0,2 
Pluggmg into POLYMATH we gel ihe foliowing s._mm_ry tahles for U s = 2 and 10 
kg/h, X = 0.50 and O.SS respeciive]y. X witl again increase as U s incncases. 



Eguations; 
d[x> «(!»>■ 
d[_> /_[«)= 

fao=600 
Jtt-20 

pt=pto" 11- 



:-r_/f*_ 
:-kd-pt*2*a-2/Us 



lai^ial v_lm 



\ 



/6-4' 



Pl(M9(coiit'd) 



EH_X_ 
(a) 



^■gnE^tion: w =j^£y => MO-^fej^j Forr^ ordcrkineties. 



Assumei»[ = 0. a(0) = l_ndX-l. 
■* Fb(&)-Fa.X = F Ac =106 



Fb<0 = Fa_X(0 = RON(0 

YM_RONfQ_ RQN{i) 

106 RON(O) 

Second ord.tr kinciics and seeond order decay rate fit the data verv *di. 



a'(0 = -fc d a 3 


t: 


_([)*—-. 
i + fc 


— l + f j kC A 




rt f Ca vt 


>* c*.-c A 




c r 

^Ar> L A 


-. 1 5 
J ( 

0.5 



i 










y = 0.003* + 0.0855 _^« 








^f^ ♦ Ea P . Dĵ;a 












100 _ŭ0 ĴGO 100 
i :h 


5C 


b 



/0 ^7 



P 10-20 (confd> 

From the graph : imercept -\tk = 0.0835 

slope = k d / k: = 0.003 



k = l 1,98 

k. -0.00025 



(b) Activaiion Energits both fw iaw constant and decay constmt can be «timated from the 
Ltmpcrarurt-time trajectorv. 



no-21 



a) In order to g«t a high conversion the enlenng pressure should be as high as 
possible smce Ihe rate is a second order funcrion of th« pressure. U should be 
kept low since the conversion is an indirect funcnon of the flow rate. 

b) The problem with such a low flow rate b that the activity WŬI remain low. 

C) We can use the same equations thai are given in examp1e 10-7 with a iew 
exceptions. For example the rate law, w« use the one given in th« problem: 

The acrivity will be different because the equation given is different: 



da _ k p aC cttVc 
6z U 



To find the concentration of cok« we use stoichiometry: 
P -P JL. 



^^ffi.W«'BSBfi-» ,4 " fc 



/& 



4f 



P10-2J (com*d) 



J«S-l.O(! 

kpsime=5«-S 

U i C* v 7 

ops=i 

R-.092 

T-673 

P*o«12 

rho-eo 

U-Uo*a»ap**xt 

P«-P9C-[l-K)/(I*.p,.j< ) 
P*<**-pae*>c/(l*,p B . X ) 
r»prim«.-< r-kpri»e- pil -2 ( 
cc e fce»pcok* / R /*■ 
ra-rJio-raprim» 
z ° " °- 'f - U 




1.M419 

ŭ 
-9.*»*J 



d) To find this ihe ordy change necessary was thc valucs for rhe k's bccause 
they changc w«h tj-mperaniit: 






krj=100exp 

The POLVMATH prograVbei™ shows the r^ults. The temperature is 485K 
and the conversion is 0,637. uanpera-ure is ^S^K 



ŭ *st)/d(sjB- r a/u/MD 

<a(«>/dm.-fcc>a*ccoke/u 

cao=.22 

f 0=2.5 

*ps=l 

«^.082 
T^4ŜS 
P*D=-12 

^100*Gxp(150&0/l.SB7-(l/67ĵ-l/ T>] 

^ŭw-S^S* eX p£3MŬ/i.,987-(l W 3- 1/ ĵ,, 

U = tIo M i + eps . K , 
^^PaoMl-Kj/rl^eps-K) 
P«Oke=t)ao*x/ (1+eps-K) 
Ce *><!e=pcoke/il/r 
r *Pi-iine=«,* ( -kptiae^pa ~2 ) 
t *=*ho* rapi - iall j 



jgj,5iial valu: 



/»--/? 




l.HMMt 


1.1« J 


1. !t'.*l» Cl 


*.W»l 

11 

t.Vftl 


a.i 




: »141 
i.iiftl 


-t.tiom-tl 

-i )(ii:«;i 


-0 J41il 


■ 6 HMIUU 



e) To find the temperature-time trajectorj', use equation (10-119) and add C^ 
where necessary: 

The follovving curve is generated froin thal equation. 



14D0 i 
1200 

|soo 

£600 J 
|*00 - 

200 - 



Time-Temperature trajectorv 












0005 ift«,t ° 01& 


0- 


1:2 



/0.-.tf« 




Assiimel^tg .-. r -F A0 X 



Cumenc 
Fao(I-X) 



Pnjpenc 
(R) 

FaoX 



FaoX 



of moies. 



, F A0 X 






X-~£l- 

l.y s 







k a v s . t giva ihc bcsi fit a = e* 
a = 4,27 x IO-Ĵ (s«ri) 

AisumencsAP ; Ji- «. jl _ FadO +X) 

r = cr^ fc p. 



/0 ^ 5~7 



F 10-22 {cŭnt'd) 



F A o ■ 20 mol/min m 1/3 raoJ/sec 
C*.a m 0.06 kmoi/m 3 * 0.06 mal/l 

R ^ŭ,0S2-5S3± 
K*mol 

T - 273 + 420 - 693 K 

* •* 3.8x10-1 mol/ R sec «nj 

a * 4.27x10-' sec-i 

W *]00kg 

Us -lOkg/nŭn- l/6kg/sec 
Equadoii(i)bccome5: 

F Aŭ a lu " J 

.,„„,).„ (Mww2»pri»».o->m r i «^.io»..oi«n ,] 

0H*9«» n * I J 

s-1.4x 10 3 
ŭ Xsl,00 



P10-23 

Givcn A — > R. + S 
Baich CDnsont volmue reactor, P incrtases *ith d 

N A odX = ar Wdi 
Assumc a - e* 31 

- Pa = C a RT 

* V v^ =*VAnil-Xj 

■ N«dX-W e *kCAa(I'X)RTdi 



/tf-$""2 



P]D-23(cont'd) 

= P I e^dt wr.cn; p=(W| fcRT 

.lr,fl-X)=i(l. c ^) 

Aisumc ihar ihere is voy Lttle deacnvaaon m ihe ĥrsi i sec 

-Ln(l-X)-ji(at)=«pt (forsmalli) 

r Ui f . A„J - J.77 * 10"* »c 
P 3.77 x lŭ 3 



P "Hlor^iO 



(v ) RT ] * 0m2ŭ5 x £73+420] 
k - 6.63 x i(H stc 1 
At t rtlaavcly largc, e^ » 
£**|MQ 

3.37 x 10 3 



P 



_L 



= 5,18 x 10 J s 



.-. ^ln (1-X) = 0.733 (te&lMiMg 



t 


X 


" X 





B 





lO 


u.u:-: 


0.636 


20 


0.071 


0.069 


30 


&.1Ŭ2 


0.099 


4Q 


0.1 30 


0,127 


60 


0.1 80 


0.177 


»6 


0.223 


0.219 


100 


■j. :::•- 


0.255 


150 


U.330 


U.Ĵ25 


200 


0.379 


0.375 


300 


0.441 


0.437 


560 


0.493 


0.490 


750 


0.5! 2 


0.5)0' 


!'JO0 


0.5 17 


0.515 



■ The assumpoon oi a GtSl ŭrdsr TCicnon lcnctics ttd a fursc oroer ae«y kaneties is 






plO 24 



cyclopcntanc <Q 



Bsidi mole batance : 



■^^/-W 
-^4^ 



q«2 : *«- 



ITn-1 : — L---L+- 1 ! 
-ta(l-X) tf to ' 



X irt"* w 



t 


XflH 


_L 

Y 


-W1-XI 


u-x> 





75 


L.33 


U.721 


»,333 


2Q 


70.7 " 


1.414 


0.315 


0.413 


40 ~ 


67 


1.493 


U.V02 




JiO 


60.5 


1.653 


1.076 


0.653 


120 


55.2 


i.&Ll 


i.245 


tt,Kl"J 


130 


48.7 


2.053 


L.498 


1.053 


250 


42 


2.331 


L.S36 


1.381 


350 


36 


2.7 /8 


2.241 


1.777 


500 


30 


3-333 


2.804 


2.333 


SOO 
1200 


22 
16.3 


" 4.5*5 " 
6.135 


4.025 
5.620 


5.543 
5.135 



/ĉ 



-*4 



PlO-24 <cont'd) 




From the above paph, aU Lines are scraight lines, Therfoir, q = 2 is a good assumprioiL 

Wcn^ioex™iiethtdaamseewhidiviJueofnhavtDg^-coostant. r«0aj«lB»2 

*U1 have similar behavior of ^ because: 

I^U -L-I 
X X 

n = 1 : Ay =■ ŭf_L_j and ŭt = 20 rmn 
^ = 0.094; 0.087; 0.087; 0.084; ....; 0.081; ..„ ; 0.0797 
Thcrefore, -£ is dccrcasiiig gnduallv. fr is not a tonsuEL 
Forri=0,n=2: SL ^ 4 x K>-* = consaAL 



Ifn^O: 










.& „C AP , C AO k 
dX Kpt K* 



/<p - ^£~ 









P 10-24 (coiu T d) 




f^ft 




J*d 




Kr C^ Kr C^u 


[ 


X'x 




.ŬL 

AJC 


■Jl 


v- x *& 








I •' :•' lO" 3 


588 


537 


5S7 


IU 


1,7 


1.7 x lt> 3 


SftS 


663 


$79 


20 


3.4 


1,6 x [0-1 


623 


(Jl0 


5&> 


40 ' 


6.6 


1.47 x 10- 1 


6&0 


t>5Ŭ 


wt 


70 


11 


1.33 x [Q- J 


752 


720 


>70 


100 


15 


1.3 x 10- 3 


7W> 


" ■>& 


Ĵ4* 


. ■:■!> 


iiJ 


1.14 x 10 3 


877 


&S9 


Ĵ24 


20Ĉ 


27.2 


9,9 x 10* 


lOlC 


930 


4$1 


m 


37.1 


8.4 * iO- J 


" IWO 


1075 


425 


5oŭ 


5\3.& 


6* x 10-3 


1449 


1300 


276 


m 


MJ 


3-43 x 10 3 


2319 


15*0 


102 


I2fl6 


aU 











n=2 : Slope is ncgarivt. k u unrcasoflable 
n=0 : -™£ vs, t is a straigfct bnt 




-S* 



Ui(]/(l-X)) 




They «t icraighi lines .-. n*2 
Por T,»50ŬK ; iiope=.Z.04 



<*k>i -> k^-o.oi 

[WB=reeptj-O.0l -(tK^ ] 



Fŭr Ti=550K 



i slopc = 6J25 ) 
(TKfe.0.02 ) " K-.-MMS 



£d = S4Ĵ44 - 



-5fe)l 



Kj, - 1,296 * 10" J 

We want to inainEin Ka ^ coostaot 



••IBHH-*! 



-ffft-a- 



^ 



/£ -^~7 



P 10-24 (coŭfd) 
Cao^O.03 1 ^ 

( .o3lsnKi)|o.oi tj) 



F w> 1.5 x 10 ? _»J/mui 
fl>) Thecjrdcrofdocayisq=-2 

_--4*l0 5 ^ ^3x10^ 



(c) MDvĴngbcdreactor Fao-^^d ' X " 0S 

„ moving bed : t-^*b™ «* J gJ 
di-ldW 
te iiio c^mcon < 1) : " d w ™ u a " 

__._ dw 



1 a u 



_!- 



Subsncuic tnio equ»06H (2). «« ~vc: 

■MiSf 



iii 






_ 



^'\Q^J 



/Ĉ-&? 



3 x lO" 3 ( \ 0O375x J j 



(d> lf u-0.5-^- W-4S.6kg 



P10-25 

») S -+ W + COj : fffH ordcr, irrevcrable, 

• *k - kj a" C£ ■> fcj a» 
-r A -KiC A 
Assumc n=2 : 1 = -; — \ — 

For T = 500 K 

((niinj q 20 40 60 80 120 

X% t 0.7 0-56 0,45 03S 0-29 

^fefe) ^.5 l42 - 4 l7KA — 17 262 - Ĝ 3443 

Fw T = 550 K 

[(aŭi) 5 iŭ 15 20 30 40 

X% 2 1.2 0.S9 0.69 0,57 0.4-2 0.3Ĵ 

^Mjf) 495 3- 8 H1 - S '^ 4 174 - 9 - 37fi 502 - 5 



,! 



/o-^f 



„p|i*~M[_L. 

b _!1___*_Ub_, 

1-296* 10 7 exp(-| 



tck) 


tfnnnl 


4*0 





4&i 


" «J 


iM 


B.3 


4« 


lJO.4 


506 


[74.* 




£lfi_ 



b) Since ihe equarion for the adv ation i$: 

. I 

8 ~ i + k$ 

we carmoi ftnd a lime for whkh a = 0, because it is nsathemaiicaUv impossible. We can, howe«r. 
ftnd a rime al which ihe acijvttv ii small enough thai it can be conitdcred 10 be zero. The follaw~g 

graphs sbow the activauon forihe ewo lemperatures given. 

Activity of catalyst 



*■ C9 ♦ 

> O.E ~t 
'" 0.4 fV 

aj 0.2 ~^~% 


:.:■: 
t i rr. e 








-♦— a (SOai 

-■— a(S50] 





lOGC 


15 


:■: 





Th<? graphs show that for 500 K, the Ufefime is about 1100 davs and for 550 K, 
the lifetime i& abour 450 davs. 



Ascai 
ai$o k. 



/&-&£ 



.-21, 
Fix$\ 


we need lo find C„. 




£72 


s to 






?*t,= 


i. j. i 






£,* 




.3'10 f fQ,l) 
~ (8.309)553 



Stan by guessing that ±c decay « fot ŭrxfcr 
a* a ftmction of SooSS! fmd ^ ^otnnaior 



C^ 

c^ - c, = c M x 

Soweg rap hihi s: 

. J 

This is thu grapb [h a t we get; 



in {1/cao*x)> va 
tlme 




fts^*^^* 



/ĝ-41 



a) Mass balance 

— r 



dX . 



Afl 



Rate law: 

Decay )aw: 

_la _ -fcp» 
dW U t 

EnergV balance: 



jT _ Pb 



5toJchlometry 



1-X 



°1+£X 

Evaluate the parameters: 






Plug th_t i_to POLVMATH aad p*M &ltowfe8 P«*™ ^ ^^ Ue * * 
m aximum conversion wiUbe 17 kg/s. 



/6 -ĥ& 



P10-27{eoir['d) 



10-21 



<JLJC) /d(w)«-M/fao 

d(T) /d[w)Mtra" (T*-T> - r-ra> • (-Bhrlt 1 / 'U-cpj^f *B'cpai< 

(«0-5.42 

Tft-323 U.„ 

DhrL»-aU0ŬO v*ri«,M» h;tul 

cps-lOO * 

td.TOOO „ 9 

tr0177 (*» i «1 

C4D..27 B '* 

BU.f cpp " ,;; 

W. .Ql'oxp[Ed-(l/<SO-l/Tn n» •* 

k».31*«jq>(ErMl/45C)-l/T)l " 

e*«cao*(l-sO/U*ep»*XI _ _ 

-o - ». w ( . Sŭ *; 






171141 



b) Using the same pmgraui we ean see that the maximum conversion is 0,887. 



c) Evervthing is the same except the energv baiance; 



dT = Ua w (T, - T) -i- ha p (T. - T) + jr' A X AH^ J 



We also need an energv balance on the catalvst partieles- 



dT t 



a p [T,-T) 



Choost values of h and ^ We find tbat T s needs to be siigh*Jy higher 
than T in ordcr to gel a large con vcrsiort. The maaimuni zonvcrsion will 
be diffcrent for eacb T s that is useeL 



/o -4>J 



££ElĈrA 



Givcn: Tht caalyoc oxĴdanonofdhanol 

CHj CH : OH + ^Oĵ -» CH 3 CHO + H<i 
Oodk: A H CH, CH2 OH . B [»ĵ CHj CHO , W{*ĵ H^O , A-S [*] CH 3 CHi 0-S 
Mechaiusm is belivcd to bc thc follaviitg: 



A + 2S +- A-S + H-S 
d * 2S' T± 20-S' 
A-S +OS' £ B + OH*5* + S 
OH-5' *H>S ^ W + S + 5' 
Ei is givcn at» that C H .j - Caj 
Wiih reacnon (-Taŭ) cantrolliflg 



J^ = Q C A . S C HS - K A P A C s or C** - C A * ■ i"K7P* Q 

->5Ŭ C^ s - - Ko Po, C s . or Cos ^ iKoPo, CĴ- 

*0 

^H 5 Coh. s C H . S - -^^— *^ih €»« - tTCPI C s 

Kw tVW 



^^^[P^Ci-CAsCH-s/KA] 
-ro-ko[P(*CS-CS.y/Ko] 
rAO = 1cao[Ca-s Cos- - Pb Coh-st Cs/Kao] 
-rw ■ kw [OjH-r Ch-s - P* Cj Cj-/Kw] 



CQH•5 , * 



Pw C S - 



KwtT7P7 
C T = C S - C H . 5 + C A , £ - C S [1 + 2^OTĴ 
Cr = C s - C^ s . - Cort-s- = C r 1 1 + ^KoPo, + = 



-r*> = k A0 [c^ Cos- ■ ^^^ 1 - >vJ ^kTpTKo^: Cs Ĉ* - 



kw v K^ Kq Cs C^. r^ ,__- 

tC-, = K* K w K AQ /Ro" 

kAoV-KT^CTCrjPA^- 



PbPwC s Cs- 1 

KwK Aŭ iXTF7I 



K~ 



vpTD + ^fKTPTl i + ^PĜT H 



Kvtl^PIJ 



/0 



-*-< 



°W * C A # + c^ 
Ca. 5 Ch.s.k 4 P a cS 

-(c„, -c. s) c, s .^gSUi. - K , fiCi .iSS: 

Kw 



fc) 




Vcssions for C T and C^ bson* 

° T = C S + Ch . 5 + Q s u Q 4 y'iC A JUa*^5"* __Jk^ 

Kw 



/& -ĥS 






CDPIO-A (comfd) 

p c c 

vnthK A P,Cl» '/ J 

Q=cJi + J«r + - " 



Q = c^i 



Raic cKpnssion becomes: 



wtth 



^TPI 



«Vk^FoT 



r i 


1 


[n ^ 


1 


1A KwK A P A Cj 



l+2^Pj l + MĴ^ 



^Mi-^t 









+ ^,^[t+7^ + V«J 



CDF10-B 

We can first try to come up with a rate law for Ihis data We can see that as F £ 
increases the rate Iaw also increases but slowly the amount by which lt 
increases becomes smaller this tells us this: 



A 1 + K E P E 
We cart then see a similar thing happens as P H increases so: 

_ ri — Eh_ 

1 + K h Ph 

Since both reactants are adsorbed the mechanism must be a dual site. This 
makes the rate law: 



^H 



1 + K E P E + K H P H 



/0 -Ŭ4> 



CDPIO-B (tŭTiTd) 

We can then plug this into POLVMATH and we then get the fcllowine values 
for k, K e , and K H . 

k = 14.6 
K^ - 2.63 
K H = 1.76 



■j..i.'d 

□. LCC 






CDPIO-r 



(1) NiO + S^t N^O-S 

SLH2 G 2 + 2NjO - S -» SiO; + IN^ ♦ 2HQ * 2S 

(2) NiO + S £ N 2 • S 

NiO ■ S + SiH 2 Q 2 (£1 ^ SiO * S + 2HQ * N 2 
HjO-S + SiO-S-^SiOi + ZS + N^ (Rapid) 



r 5K> : 



dV 



.kPoaPNjO 
" I+KPn^ 

i r A a 'Plug Flow Rcactcrr) 



*>*%-<' 



/ĉ-67 



CDPIO-C(cont'd) 






J. -r A t 

■f! 






^ECS ■ P A - P/j> 



PnjO ■ ^B - Paŭ 



'&B-2Xl 



1 KbPa£ TTTEx) 

kPJfl(l-X)(bVZX) 
(1 + £XP + K B P A0 (fcV2X){I + £X) 

88=1^1,3.07 



PnioPdcs 


t2ŭo - 




" r A 


1200- 




A 


1100- 











Slop* « £ = 0.7465 
k" 

Iuaztept «i* 7jp3 

k= 1.49x10-* AitaTt 
K fe 1.1x10-3 mToiT 



30O 400 SOO 600 700 600 SM 1000 

PN£s(mTorrJ 



Kb - 1.1 x I0- 3 id Toir < K B P A] -(u x 10- 3 }(I57) = ,173 
k Paa - 149 * io-i (157) i = m m ^^ 



/o -£ v 



, 



CDPlO-CCcom-d) 



(3.07- 2X1 fl-y] 



1 + 25X? + _ 173 (3.07 -2X}(I + _25XJ 
*rt m 3.68 x 10^ gmo.c/rmn 

-r A = (AAoin) = 4.4 x lO- 6 r" J8 >I "^L 

(m* mui) 
* - 250 m^Anii, 

Fao = / • = * Are * un < i =rCTirvcofXys,X 




0,025 
0.5 

i 

045 

0.20 

0.25 

0.30 

0,35 

0.4O 

0.45 

0,50 

0.55 

0.60 

0.65 

. 0.70 

, 0.75 

, 0.80 

RoctDT 



■rilAtan) -l/^frm) l/-.;^,^, 



73.6 
70 3 
67.0 

rtŭ * 

54.. > 

4<j .: 

44 2 

3C 3 

34.7 

30.4 

J6 5 

22,8 

19.3 

16 2 

13.3 

10. 7 

8.3 

6.2 



cim Volumc p« waf_r = 9. 
^Plotofconver^on^vs, 



0.0136 
0.0142 
0,0149 
0.0165 

0.0182 

0.020 
0.0226 
0.0255 
0.0288 
0328 
0.0378 
0.0439 
0.0517 
0.0617 
0.0751 
0.0936 
0. 01 203 
0,01617 

8 x 10- 4 mV*a/cT 



3091 
3235 

3392 

37ĵQ 

4139 

4545 

f]45 

5784 

6547 

7465 

8589 

9983 

11746 

14029 

17067 

2:262 

:?33* 

36760 



of wafcre ean be ootamsd 




79.1 
B2.I 

178.3 

[96,9 
217,1 
242.3 

273.2 
308. 3 
350.3 
40 L4 
4643 
543.2 
644.4 
777.4 
958.2 
S215 
1602 



VM 



0.0012 
0.0012 
0.0026 
0.0029 
0.0032 
0,0036 
O0040 
0,0045 
00052 
Ŭ0059 
0.0063 
0.0080 
00095 
0,0114 
0.0141 
0.0179 
0.0236 



/o - Ĝ ? 



CDPIOC {confd) 

thc [hichiess on shese *.afcn; can be oboincd trzsn the snnc d[ol 

Wafcr#l:X-0 

-r A = 73.6 A/min 

~ After 30 min: 22Q|A 
Waf« #50 : X - 0J2 

-r A « 20 A/min 

.-. After 30 coin; f£Qj± 
Wafcr rfl 10 : X - 0.7S 

-r A m 6 A/tain 

■'- Aftcr 30 mi* ISOA 



CDP10-D 

a) Molĉ balfiooe: 

Rale |aw: 
Deeay law: 



ŭ".V 



"4* 



SLoichiomcEry; 

C, = C M (1-JT) 

C t = C A ^ + X) 

EvaJuace the parameters: 
C, 0.1 



/0 -?& 



CDPIO-D (conTd) 

d [X) /dfwj ±a* (-ra.) /f j 
d<aHd|wj=-Xd-eb/u 

U 8 

ktfffSfl 
CnO» . 1 

ca-efto* tl-Xj 

eb*cao"(th#£m*jc) 

ra»-k*cft*cb 




b)Thc only cbange is 111 tbc sioichiometry: 
C A = C A0 (\-X){}-aWr 

c* = c AŬ (6 t + x)v- a wf 

POLVMAIH 

<J[)c)/d(«)=ft*(-i- B t/f4 e 

fac-=20 ,. 

tks __. 

*»3S0 -ĵ, *■ 

cao-.i 

e«**ac.- ( 1-K j - ( 1 -alp ' v) * . 5 

eb=ca.c-* ( thetfl *K ) • U - a 1 p < w ) - . 5 

*«=-*-ca-eb 

*0 e D - w- _ ,, 



iBtt-i-L v-lue 



/6 - 7/ 



(a) For simplidtv, letters were subsctuted fer the species in the 
problem statement, 

A = TiCL B=rCH a C = TĴCl^NHj). 

D^Tia^NH^-S 

The rate equations for each oj" the thiee steps in the mechanism 
is given below. 



-^4 p ^-y 



»r»-KcVi 



-wMwO 

Equations 1 and 2 are subsututed into eouation 3 because the 
third step (the deposiuon step) is assumed to be the rate 
limiting step, we want to find the rate iaw of the deposition. and 
wt have data for the deposition rate, 

Aiso, retnember that we have the rebtion below; 



fv=- 



3 + K L .P c 
Substitute evervthing into the deposidon rate law: 



[l+kjP^) 



whcre it, and k, are constanis 



We now have tc- check if the above rate CKpressioo agre-es with 
experimentai observadons. 

• The rate oi deposition is mdependent of Ar and Hi.— YE3 

• At low partiai pressures of TiO, and NH S , ihe depositicn 
appears to be tirst order in TiO^ and semnd order in 
NH,.-YES 



/0 - 7^ 



CDPlO-F(con['d) 

• At high partial pressures of tv*H s , the rate vaties taven 
with TiCI^.-VES 

(b) Ta determine the reaction rate parameters. we must 
rearrarige the rate- expression to a linear /orm. 

A plot Dr the estpenmentai data is shown below. 



Tlunjuni Nibtrfi FUpi DrpoiitLcn 

Mu J-l Vmii, jirr-n. 




IIIIIIIIII 



-*— - y - intcrcepi = 1 2 16S x ] o J 
V*i 



mf 

fcj The experimentai daia. whert plotted with the rate iav,- 
dehved in this problem, fcrm a stratght line. Tnereiore, 
the proposed mechanjsm may be used to descrsbe the 

deposition ot titamum rŭtnde fikr.s. 



(Solution bv J.T. Sanura. Jr.) 

/0-13 






CPPIO-G Cumene 
(A) 



Prupylcoc + 



Ca) Wc find a rtEaaonship bcrwccn a and Ca 
Run I; P A = 1 atiri 



w v,- 



U\ 



i 30 



i:m. 



! 



Run 2 : 



0,75 0.594 0,491 
0.0 1 0.01 8 0.0243 



P A - 0.4 ann 
t 100 200 300 400 

a 1 0.833 0.733 0.65 0,583 

C A 0.0057 0.0106 0.0148 0.0184 

Ploi of Ln a vs. C A gives a straigtit linc pasiirsg thraugh thc Drigm wiui stope tt 

s « e -oC* , a-28.9 



^KAfPA-PnPs^ l 

* l + K A P A +K ft P R 



(single stc arisoitsed, susfacc Tracrnoa cananlliiigi 



I initial rate are usod, P R = P 3 u and 1 » K A P A (adsorpcjun n snsall at lufji [onpcJsruM), thcn 
r -k t 'K A P A 

Unng daa at time rero from nins land2:k:] K A = 3. 2x10° 

Hcnce. ovcrall apparenr raie la» k 

r = ^K A e^P A ; k\ K A = 3^x10" J 

tb) r = | r 

^= - k^ a »f {P A , P R , P s }= rfcl a n Pa 

Try ms-2 

SLnce P A is aJmosc cDnsianE, during runs 1 and 2 flow cooversĵo«) 



■U i 



■^Pai 



Ronl: kdPX = 5.767 x 10 J 



/0- ?V 



CDPIO-G (coafd) 

Rum2: ki¥\-v 1.769 x 10 J 

Pa - I in nin 1 =? ^ = ĵ, 767 x J0 -j 

P* ™ 4 in run 2 = ri = |_2p 

fc*- 5.767x10 * 
n- 1.29 
[ m minuies 
(©) OveraU converaion = 0.60 



W*2 Jndilste bett^neJ 






► Pmpene * aeazetie 



L » 1 ^, + P So * F„ - io aiDl/jec 

3 njoJ/sec I 

onssbs <= 7 PMDmc 
Goinposkion at reactor ou ilet 

?* = XS -^& = 0.375 
Composmon ti rcsctor jnj^ F „ = 7 + 3 t irj ^^ 
F 40 = 7 + 3 (0.25) = 7.75 * a = G-775 

Fno = 3(0.375) -1.125 =* >* = 1 125 

F SŬ = 3«L375)- 1.125 «-0.1125 

L*t Xf = conversion pcr piss 
Totai f] ow aT r^c^r ^, tefaie ^ ^^ ^^^^ ^ 
F *»<l-X f ) * 2 F AŬ X r + p^ 4 F* = F A ^ Xf ) ♦ F|H + Fsp 
FADn-Xr) 



"^l^+F^.Fsr^ ^ X, = Q^42 



/0 ^^ 



CDPlO-G(confd) 

Ai any poim aĵong che rtacron 

i=Aofl-X] 



P* = y A p 1 = j 



Fao ( J +X) + Fro + Fĵo n^ 



when j} - F wt> + F W tF A(I __j_ 

F A0 7.75 IJS 

As4ume thai race ia* m (b) is sdU fcood for ihe nsoving bed opo-tjon (mav not be mie la 
nracdce bccause of ihc high convereion> 



1 
Moving bed rcacsor i 






U s 



F A odX=-rdW 



dX -r "^ 



l"+tdPA 



^X" 



klK A P. 



k;KAU s llxi k;K A ll - x/ 



fL23-Xi 



_ 7___|5£_______i J _j 2±2 _«, w 7 ,„ „._,, 

3.2x10^x2000 > HS-' 3.2x1**' UK 

» 6.9S x l(H (i-^Cf * W + 2421 (Ugfeg) 

Wiia X - , W h 

tf X = 0-M2 . using digiol eompoKr W = 3.1 kg 



eDFJi b i i Civcn: The dehvdnjgenaaon of ethvi benicne ro stynsne: 
Cj Hio -> C g Hg + H 3 
E -* Sc *K : 
Quandtaave caiŭ ŝugg;s:s reaction raic is of ihc form 
Ai Pi 

" rE a ] ^. a 2 p^-Ai p s wtstre Al - A2. A3 3tt constaiits 
TTie fast ihat {-!_) _ independent of Hi suggcsts ihit ihe rcacaon is ŭreverŝbk, --> * 
is noi adsorbed on the Citaivsi sjirface, Aiso s the abovc exprtssion for (*f_ĵ sugE**- * 
both E uid St are adsorbed oo Ehc sariace .'. Try lijc fcl!owuig rescnon scheflic- 

/o -7& 



CDFIO-H (coofd) 

E + S " E * S ^-k^iftft.C.^ 

St*S±*Si + S * r * = fcs [Ces " Cst * ^^ 

-iD - MCsm - P Sl Cs« J 
To insure that P Hj doej tk* appear in the rate «presstffli asjume thu [he swface n^doti 
conEtols: 
jj^aO C E , £ = K A C S P E 

Ttacn: C T Cs + C E ^ + Cs«.s-C s [l + K A P E + ^i] 

jr -n 1 LH-i , „i,„ Ke<! , K K K 

witfi Ks »> I. reartion can be cŭmidered inrversfblc, and tu a^^ - tct on Pn; <frops 



kK*Pr 

I* K A P E +£* 

Kd 



where k = k s Cr 



Evaiuaricm for Jfc K A and K D 

R eanwging Ehe nie exprfi£Sion: JjE. = £-!_*&.+ g£l , 

s k K A k fCo k K A 

*ith p Sl -* 0. a piot of || vs. P £ shouid be linear^Lh aoj* (JL)and in«rt*pi(— LJ Stnce 

only two points are given ivith Pĵ»= 0, ii is easv «osoS-ve anaivtie^lv: 



__ Poi™ | p E (aaaj 


( - re.) gmot/rcsn- Ema t 


t^Ts 


1 1.00 


i.415 * !0- 3 


70Ĝ.7 


„ 1 0.01 


0.214 x it>* 


iĜ.73 



@8 * kir + i^ - rf (li - tir i- (p < h 

[Fjl]. .(Pe.1 

Froro above - J- = ^ 5 ^ ' -^ /'. - 4^.77 - -i r^j _ ^ , - ^nca:--^ 
* (Pth-(PEh 0.01 -[.0 _W6 - 7 gmote 



k^l.50x 10°- 



/0 -77 



CDPIG-H (coni'd) 

^d — L_ - f SE.\ ■ 1(PA = 706.7 - 666-7 = 40 ^ 11 "^ " 1 '™ 

K A = 16.64 moj-i 
Now k vaiang daia potms 1 and 3, Ln whieb Pe, is cotistajit. tbe value of K D t K* and henoe 
Kd can be dttcrmincd; 



Forpoktl;^] L- + 1( Pe W fPs,)l 

Fcrpoin.3:^^*^ 



(Fi.b 



Substracting, md solving for 



K D kK, 



K D kK A tP*b-{P*h 



K(jkK A 

-, nocmg thii (PeJi - {P E }j 

_L_ 



0.166*10* 1,415x10-* 



1.0 ■ 0.0 



_L 



= 5317,3' 



K D kK* 

K D ■ 0.007534 
.■. Rsie etpicssion is 

_, P^£0_ 



1 * 16.64 P E * ; 



P SL I * 16-64 P t * 132,7 P ĥ 



ta) (MW)e= 106.1 —St- . (MV/Js-18-t- . (MSfe- UM.1 -J— 
' gmoie gEDDtE gmoie 






5 graolE E 
yL0 = — !— = 0.833 ; P = P B = 0.415 . X? = 0.60 ; 5 = 2-1 = 1 ; T = 903°K 

:+e, 



P E = C E RT 
P Sl *C&RT = 



FrRT Fe,q(I-XET Cs.pRTtl-Xt y£,pFJl-X) 

l+£X 



F 5 ,RT FejqXRT y£^X 



•<5-7^ 



CDPIO-H (confd) 

Raic txpresdon fo r any X is: 



Deigr, csprcsaon fer a CSTR (fl-dized bed) „ W * ^ X ? 

■rE 



q _E___Ff _ l+cJCr 



h 16.64 



1-X F j 



= _____0V»1 v __dayf I * O.B33 fŭ.4 it 



<*0 ' gm ol [ dav f I + OfliH frt_<;> 



Idav 
24x60 min 



^^.oeaio 4 , 

Cost . 70.6 tg ĵ* iU = S777 
fb> PSu ? _ ow rcacjor. ctpnssi-, fer v t0 . F s „ P- p< ___ r 
15 * *■ rnc dcsign equation „: 

W = F ?D f d___ F Iŭ r, . . _ v 

= ol^{prj_rW -[Vej In[ |- X .„ + iĜ .64X. + UBt^*.^,^ 
W , l___^___^o__ ^ ^^^^ _^^ 
^ 0.025 x 0.45 S-ol 
,[ -.833.451 + lJJV>i-f u,») 
| iPSIpSHr ' + 16-64 fO,4SJ- 131ir0.45 + ta(l-0 45|l! x - ^— 



/tf-7f 



a) Mole balance: 




dX ŭ*-K 




rate ]aw; 




-< - k f C A 




StoichiomcU}': 




C A = CJ\-X)[l 


-aWf 


Decay law: 




= -*-fl 










j0 


*{] 


-lOOff)" 




(i 


0,0099 




-f 




-&*■ 




'v 


= 0.023 




PCLVMATH 




Equatiofls 








eWx>/4(w) 


=-rŭ'a/fao 






dUJ /fl(w> 


;-kd»a 






kd».023 








fao=d 








k=.0& 








tao=2 








alp=.0099 








ca=<rae* U 


x)Ml-alp"w]~. 




ra=~lc*c!i 








v fl = ». 









Ilŭsial value 



/<Ĵ ^ 



CDPlO-I(confd) 

b) POLVMATH 




DesiEnEq__.tj on: *k J^-.(WX-l£) 



Ralc L_w : 
I Dccaj 1 Law \ 
$tt>i_hiometry 
Combine : 



"*dW 
(f or sin icring) _ (W ) = — '■ t 



£ĵw i+itwi> l J 7^7" z — 

1T u, ffu i 1 - X u a j + __* \y 

5*" Fr ° m Ac Problem statemcnt, a 



_ 1 __ 
MVging __ 100 fcg _ or W, we can sojvefor -^. 



U_ 



- * 0.03 



= 0.708 



/d ^/ 



C DPlfrK 



The heat of activation is given in the problem as a function of the carbon 
number so we can just graph that 



Heat of adsorption vs carbon 
number 







To graph the activation energy we need to Hnd lts equation. lt is the 
Arrhenius equation. 

k = Ae" E/RT 
Solving for E we get; 



We know that as the temperature increases when n £ 15, the rate increase* 
k still gets larger with greater temperature so E is stiil positive. VVhen &? 
temperature increases when n > 15, the rate decreases so k decreases n^akm)» 
negative. So we can come up wifli some equation with the above eqii a 

that fits this criteria and we can come up with the following graph. 



/0 -FZs 



CDPIO-K (confd) 



Activation energy vs carbon 
number 




&^^^tsK»ttfja:ai*»*- 



£EEMLL Giv enL rcdueaon of CO «adi hvdragen over Ni c*^ 

CO + 3 H? -* Oŭ ♦ HĵO 

Kincuc ;pv en by: r = °--° Ji3p HtPcQ fgmgkOLi 
l ■*- LJ Pjti lgoica-nunJ 

Fnnn thc above cjcpresstai: 

I) T*e apparaoce tf P^ » the da*™» ag^, ^ Hĵ * «fadpi^a,, 

2) T*e fe* tha, COdc^ n« appeari* fc dr^r^t «fcge* ^ lc ^ J^ 
phase specics, 

3) The *,«!= rME depcndencc m the n[B=ei5asr ^^ ^ H , ^ 
ThctEfote. suggested mcchamstn is: 



H r S 



r i - fet [Ph, C s - CHrS/Kil 



/<** 



F 3 



CDP10-L(corn'd) 



H-S + CO 



CHOS 



-rj = kj(C M .sP co -CKoVK J ] 



CHOS ♦ H-S jjj OS + H*0 + S *„ - k, {Qr*> s Q» - C__ ^CsflU) 



C-S -2H_ J Q_*S 



-rs = MQ-s *V Pch, Cs/Kj] 



K.cm__5 madc in Ch_p_ r 5 f tfec ^i , agfesi tf* ttamon ĵ is r_* cor,o_tlin_T 

g-*B C Hr s = K,P Hl Cs 

^ = C H .s-rKiC Hl . s Cs-VtC,KiP Kl Cs 

kĵ Ks P H , 

g.«q Co.rv^ Q ±lfHlO£i = .Pctt. PH r0 a _ PcM.PH.oQi 

^ FUC H .s £«&%&_ K, Kj ^TCTT^Ph 1 , 

*S - k 3 fcfc Pco - %^| - fc, FvKj K_ P Hl P co C S - p «-Fh.-C 5 1 

orf^ - ^jĵplc. f Pĥ P C0 - _ S_k-*__ 



C T = C S * C HjS + Cfe_ - Cchos 

C T - C s f ] + Kj p Hl + V'k, K,"P(7 + J_ p <^ p K*ĵ 1 

i KjP H] Pjg K, Kj tTTKIJ 

Kineac eiprcssion becŭmes 



f pft * Ki Pi¥, + — — Pĥ_ * %& rpH ». + __*____! 

L K_ I^ K_ J 

Reacrion is inrvcr_iblc .'. tct K_ -j - Th=i 

.- _ _ fr VKT K7 c T P^Prn_ _, t~ KT C T Ptf. Pm 
Pffill + Kj Ph, + VK, K 3 P K J : - K S P H . + >X7TT FJS 
with K, P H , » lTT - Pj£ , w: £C [ 

-r, - !_J__Lj£__<__T___f_Pc_ -_- 

l.+ K|"t%_ Bcpres_ofi implies ___ 31 modmn prtssines, oosi of ** 

activc siEs art nccupied by fte H 2 tcobcales. 

/o~ rV 






yAO-0.2ĵ iysoia 



e *yA0 6a^>.?J 



F A o XV -= F 






^s^-^ta 



^*^^-,^ ff ^.-f dx 



f 



1 + J-Ĵ?a 







W m ^^^[ fefj^ 









^ 






CDPIO-L (com-d) 



X 


I-X 


1-0.25X 


i-X 


li££ + 3.75 


a__2Sq , ' a 


f(X) 


w 


WffX) 


o l 


l 


l 


4.'750 


1 OM 


4.750 


1 


4,750* 


0.2 


U.8 


0.9 s 


L 1875 


4.974 


1.0« 


- :■ 


4 


.:: ^ 


0.4 


0.6 


0.90 


1.500 


5.250 


1,225 


6,430 


2 


i .:,■■<;. 


0.6 


0.4 


U.S5 


M25 


5.875 


i.458 


• '•::-! 


4 


34.257 


8 


0.2 


•: KO 


-nMKi 


7.950 


2.0ŬU 


i 


1 


! ■ -H. 



flXpX - <U [4.750 + 2 1 .679 + 1 2.S60 + J4.257 - 1 5.500J « 5,936 



w .. 



^S.?36 



_ gmarmn ^ ]5fi2SFWil x <54f«>| ^ 



o.oia3yi(o.25xiot J;I ^ "* 

W - 2334 s 
(b> DesignofaC5TR 

D«i2n eauarion. i% W = £a£*I 

O.OI83VI(y Afi P ŭ r- Lll - xJ ' 1-*' j 

0.0183 C[D.25xloH KS ' 11 ^™"»I l-.S I j 

W= P37l Ibf^oi K gmcat ' nnn ^ 4ĵ4 gmoJ ^ i dj.y 
day gmo! Lbmot 34*50 «_, 

W = Ĵ900 5 



S^ml 



a - at ihe eod of the reacton 
da _k D 



f„da^^fd- 



[5U) 



U s 
U s =lkg/s 



/0 "^ĉ 



&) For U s = 0.5 kg/ s: 



a^J-Ji=L 







teaaa^K^^N^^^ 



fcl 



For ŭ ca I aly S( feed ra[eofUs=(>ĵj£& , s 



MoJc BaJaacc - T? a 



dX 



Parc Jjw : 



-^ =JcC A C B 



a = J-0,4W 



fatt, dw ~u^o7k^°^ J *> 

'c r -^„,400 u = u ) 

c ^ c >=<^0-x} 

Combiue; 

p Ŭ , r 






CDPIO-M {cont 'd) 



(d) To actaieve 40% eonversion: 



(1-X)- F M [ 2U S 

f f *] ■ 



(l-0.40; 
U £ =7.5kg/s 



For 



MB.I-M 



=) 

. .. _ x kcLf w Jc-_ w ^ _> _________ 

™.*fr_:)w-(-_.56)«i ■» x=o.5o 



_*____ ( W ) 



^-(02^.(02X5)=! 



U) 




(b) Numerator: F A and Fb 
Denouunatorr Fa ana Pc 
Fower of DerLominator. ] 

(c) Proposed Rate Law: 



ftuns 1.3 
t s =P b - 



Runs4.5 

_- 1 



1 + K^^KcPc 



/0 



-?7 



CDP]_-N(_oi_'d) 

^, Jkp + Jkp + i 

c a * * k c fc 
RS*. hold P C ron _ ^, _nd pior ££ŭ * P 
Froin the plot 



si op ^iii = 53 y _ Imefcep[ = 




t + K.p^ 







* 7 8 ? 10 



S ^,h.JdP ACOnstanra _ dp|of P^^ 
Fram p i ot bei{m 

s:, pe _£__ L6C , 2ĵ _ y - lmp ^i+^^._ 575 



K**l ______-• 






K_= 4-1665 a__r 



/o -F# 



l 



CDPlO-N (conlM) 

(e) A and C are adsorbed on the surface ŭf the cataivst. 

(f) Proposed Mechanism: 

A + S«A-S 

A-S+B^B + C^S 

C-S«C + S 

The irreversible reacaon step was assumed to be the limitmj 
step. We check this mecharusm and rate brrutmg step by 
rearranging and combimng the rate Uws toz each step. U the 
mechanism is correct. we will obtatn the rate law proposed tn 
pirtc. 






t,-k,C^P* 



k, is much smaller than k^ and kc therefore, —-*- * T 1 " m{J 



C A ^=K A P A C V ud C c . 
Also, Ct^Cv+C.^+C^ 
After subsdtutiort, C v = 



-KcPfCv^hatlCj^-i- 



|+-K A P,-K c P r 
Next. substitute the above eouations into the reactions step to get 

kP ± P, 

Ts " ItK,P a tLP c 

Because tlus is the same as rhe rate law irt pait c. the rate law and 
limitirtg step assumptions have been verified. 



/O - J O 



CDPIŬ-N (confd) 



^M^^M^ŭ^smmpm 



K - p *.* ^^T^EiBT 081 



f *»«ofA« qUj |j lhenumber 



_ MJ-X) _ttĵfr>y 



C> 






■ 1 



«Solubon by j.t. Sarthni, Jr.) 



£5P1H> 



JA ^ teflS us th* w A ge[£ S2 *£*« e ™ <** *■*"« fto* I tŭ 



enujucr^oraDdthedeaomin^, 






L°okiD£ at fe rate dejcndence nfB wew( h,u 

KCKzsts from to 4 an, andTh, ^ - beRve " n ^ 5 7 «d 9 P c 

«»« *e Ecc iha P i , raEt mc reas« frozt 4.5 to 4 g A 'J, ; , 



S » the rate !aw betomes 






/o - Ql 



CDPIO-O(confd) 



Wiih ihai rnie law thc fcliovving mcchanism exisls: 



Adsorption 



Surface reacEion 
A S + B(g)-*C S 



[■::■. ^. j ii t : ■■ r i 

cs->c + s 

Thc surface rcaclion is the raie-limiting stcp. 

b) ln evalualing the parametcrs we can also see if our ratt la w 15 a good onc. 

Plugging into POLYMATH wc can come up wiih the paiamciers. 









Wt fmd that the raie Iaw is a good one. t = 0.O0O45 

Kc = .Ĵ 

c) Thc best places to add points wou]d be where Pc is cbaiiged. but P* ^ ^* * 
not changed. 



d) No solution wi|] be given. 



/o -9% 



£fi£lihE 



a-s + a-s ?2 e-s + w-s 

E-S £ E + S 



Atsie 3 dj, SUlCr _ dC^ 

' C^ s . K, P^ Cs 



r i a MP A Cs-C A VKiĴ 
'*-k*ta-s-C© s Cw. s /K 1 ] 

"^f c ^^PwCs^J 






&-« 



^"%+.«*,+<Ŝ 



SslS 
k. 



1 * «J 



:i C+ Kl ^ J 






Bbtof vT 1 

/0 -93 



±L 



CDPlO-P (confd) 

Using poLm 10, P - -■ K, ■ 0.0399 

Check 

Usirg point 11, P E b =» K* =» 0.0368, closc enough 

Using point 6 . Pv = => Kĵ e 0,659 

Finaiiv, usuig poi.ni 12 =» K^ = 0.0975 

0.04O9(Fa- ] 0.256 P e Pw) 
'"[1 + 17.31 P A + 1.517 P E + 15-05 Pwp 
Note K., may also be c_c_ated usinE RT ln K«, * AG° Intenated rc-dera u 
encouraged to checlc the goodntss of ftt of this rait la* wi_ the d__ 



CDPl.O-0 

Dcsign Equation : 
Rate Law : 
Decay Law ■ 



-£ = *,=0.0 5 



l We wiU find the couvendoo * 



jda--0.05Jrff =» •.*= 1-0.05» 

i o 

From this we can set thal the m__-u«i reaction dme is 20 n 
Sloichiomelry : ( Assume eonslant volu me) 

C i -C_ J M>- 2 ^0-X) 

dx k'(i-o.Q5Qw_,0-_ĵ i g _k'mv_. (1 , nn < rYl _ y y 

dt V J A<_ V s 

JL___£lMl)(20-0.025(20y)=l 
1-X (l) 

X - 0.50 



Combinc : 



/o -9¥ 



eiibfi 



a) MoJe halances: 



<tw~ 



_&l. 

dW 



dw' 



fale Iaws: 

-< ■ o* f C, -K^aikC -!, r \ 

stoichiome^: 




EvaĴuate thc pafimKjcrs- 

11.987 1400 T}\ 
T.J.987U00 rij 

»-ŭob*cJ!__»m _ni 

1j. 9871,400 jJJ 






/« - ?_~ 



CDPlO-R (eom T d) 






d(fa)/d (.*.]=« 
d(fb)/-ĵr;,,),rb 
diJ<;)/d(w)«jrc 
djnj /d(w)-)ai**/lj* 

T=ĴĴ6 
4lp«S.S*-l 

v,. i. ,.< 

kd=.0B*Bjcp(150D0/1.98T [t/flOO-l/TJJ 

kir.oi-Kcpiaoooo/i.ssT 11/400-1 /tm 

kl», M"«ep(lOflO(J/l .387* f 1/400-1 /TJ 1 
CO-f 4* < i-alp-v) » ., S/Vo 

Cbpfb"(i-olp*w)".5/vo 

rapi-B'(cl*CB 
tC-n.-M-eb 
rbP'B*jX2*eb-kl*co> 






144 


4 


140 


1 



■-- 


0.5:*(S* 

i-tita 
1« 


a.eeiists 



4IUMĴ 
t<**4* 
D.4T1*'?] 

i,»i"ij 

14 


»0511 
4.4» 


tt.tttŝ 
e.pii 




39! 
9.441* 


».0((U*1 


« 5i.*i;ij 


g. 4i(ii*» 


».D*(lli) 


4 44T75SSI 

4.01T*1J1 


H B"Hi* 


tjiiim 


0.04711111 
4.011.131 


1 S7»T| 


l.»**i 


».Ŭ111**( 


HIllll 


1 

-4 3:itiii 


-O.JaO*W*H 


-4.43TIH0 


0.CU7MI 

-0 C.C0IJM» 


4 
0-41111*1 


o,«i<;u 


-a. 00117*14, 


£ KllllP 

.c goDHIOI 



b) Using tbe samc proitram we can find what EtUŬees (0 get thc moii of C poŝsibie. 
Wc flrtd shai at T = 396K P U t = 10. and v = .03 wc C4M ge( Imol Os. P Afl = 

1082,4 aim. 



(* 


i 


. 


1 dlillt.JJ 


15JH1,-;] 


tt 





C.£:<tE7 




..isoris*--- 


f* 


9 


1 


; 




o 


: 


J.KTOJ 


_ 


1.-M7Ŭ2 


u* 


10 


10 


:: 


10 


T 


]?p 


M* 


1*( 


1S6 


■3* 


a.D^SB 


. SC*1 


: .' ; 


4.O0S* 


TO 


0.Ŭ3 


4.01 


O.ftJ 


: :t 


ics 


O.DrSiUt» 


4.0(611*0 


04 («11*1 


t.llfUil 


« 


0-tts»$ss* 


O.OOTJJJSt 


4.4477S-iSt 


: ::-"::.; 


*: 


o.tiTiui 


t.DlKUi 


! ::'!:!: 


'3.41T(I31 


** 


JS-Siai 


J4.JJJJ. 


(.BJ7*>e-_>3 


i.SJ-ĴS---! 


cb 


4 


iT.seti 





e-54.5-5.--i. 


rt 


-fl-s*n'iH 


-l.€5DS?r-Jt 


■' ::"::; 


-_.i5:5-*-.t 


r c 


o 


0.U41S 





J-5*-J-«--J 


rb 




D,WTUJ* 


... --..--;- 


-».-€ĝ.. e -:: 


c) To gev the Time-TejTtperature trajcrjorv *c can ua 


::._ :■:. vfit 


cncaie ic 











/0-9& 



CDP10-R(cont"d) 



This will givc us the following graph; 

Temperature-Time 
Trajectory 

1ĈO0 

v tooo 
B 80 ° 

| 400 <* 



;-'(.xi 



1 



d) For ibis we just add an energv balanct. W« havc io assume a heat eapacit) of ihe 
caiaJyst since none is given. Here u is assumed to be 100 Mtgcat 

dW C„U S + c r {h + f t + *5Ĵ 
Plugging ihis imo the POLYMATH gives the foltaviag prograro 

We rind thai thc lernperature is 388K, L T , = 10 kg/s and v, = 0-51 dnrVs. P A(t = 

62.4 atm. 

tions i Initial valuc 

d Ua}Mlw}«ra t 

d tfb}/d(w}=rb 

J (fcM(3(w)«n: 

*§b«<»#»}eŭ**/Bi> 1 

fl lT) /d(w] = Lra" (-16000) -rb* (-32000) } / tcp" ! US <t- i 4- Jh+ £c ) } 388 

b2i - im 

^■ io ° ^ <►_,-•-» !"*** 

**. Bl»**p (3000071. S87*a./4O0-l/T>| fc 

^■-<ft*^(lflOTG/l._W7*(l/4ftO-*VT. J * 

****(l-__lp*.,}".£/va ,_p 

r *--ft"kl*ca ** 

*"-*'{k3*cb-}tt*e*> „ 



i. r--_.it 

'. 31532H 



:==>;- 


: ::,.=.: 


fl.ugjjiiij -. 


f.OU»! 


9 c-l.Jl 


..-j.iSil S 


s.eoji 


*.aw» 




O.Sl 


1**471 


.;._■- B, 
o.et*iH* »■ 




-?._-'_._■**_ 

::==*< 


iiir 


i jasi*«-ai '■ J 



Jl _-*•-" 
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Pll-l 

No solutiop will be given. 



Problem P1I-2 B 

Part{a) 

No solution will bc given. 

Part(b> 

No difference. 

Part{c) 

No difference escept on phy_ica] propertv data. 

Part(d) 

The growing core model would have the saone molar fhjj. as the shiinHng core 



De.C*o 



[rU)~ Ro} r 



but R{t) , the radius of the carbon 

interface will increase with time rathcr 
than deciease. 



The rate of appearance of carbon is eoual to the flux of oj^gen to thc gas-carbon 
interface 



— 1«%ji|— * = - 



H) 



* *•« '(__£] 



and — - __- 

dt fapt 



as for the shrinking model btit 
wj_boul the minus sign, bccause R 
increascs with time. 



//-/ 



Plk2cont*d 

Bouadarjf conditions t = R = Ro 



tf-Ro 1 R y -Ro z ^ De&o 
2 " 3^j 4t.fr * 



Liq Ul d phose : e.g. water R e = 2±± *, '000*0.1*0-05 = 



// " ^ 



slngle spheres 



Gas phase : e.g. air 



EllilcontM 



Ĵc^ 



_ H 



L0s-3 



= 1000 



p.ŭu !000xl0s-9 
Sh 9 2 + 0.6Re ir - Sc" 5 = 2 + 0.6(5000) ^ ( 1000) W 

ĴA.Zĥ* 400xlO*-9 

Re = ^£ = uaixao5 

p lŬe-5 

10* -5 



&* 



p,Zĥ* ixl0<?-9 
Sh = 2 + 0.6RC 1 * Sc lff = 2 + 0.6(SOO) lc (1> 10 - 15 
gUĴg 15xlOe-5 



Problem P11-l w 

m mm : m m& ■. f* - o + ^ = o cons^ ii qui d ^^ 

Fo^Comj d anti ro, = ^k.Coz" whe re n i s the rcactior, ord«. 

Auuminc ideaĴ gas law appiies . Fo2 * Z^ where Va „ ŭ?tygen ^ ^ ^ 
AttUfring that — ^ = Cfms tan i . C by correction of ^ to somc re ferenc E , 

then Fc* = C «• 
AKumin| Hfcory's Iaw ^jpKes (low pressures) CcmsH.Po^ 

where H is Henr>s constant and Poi is the axygen partial pressure 



//-^? 



Fll-3 contM 

Substimting inio the moi batance : Foj = - roj 

C. u a = k.Co/ = k-(H.PoJ n 



■U e =POiV 



ln u n = u.ln Po; + In 



Jt/T 



A ptoc of in U«, vs In Poz wilt give n as che gradient. 

As the svstent pressure, P. given in tĥe data is absolute : P = P» + F03 

if in the reactor, the xyiene is ac boilitig point and dissolved oxygen and 

oxidized xylene are at low levels. chen P* = 1 aim. (open to the atmospbere) 

In order to deduce the conect kinetics of the oxidation it is necessary to find the pajtial 

oxygen pressures for the eondidons where the rate is limited only by the reaction 
kir.etics ind itoi by diffksional mass transfer. 

Piot of stirrer speed, W, vs oxygen uptake rate, u, , for each run will sbow the 
condidons at which diffusion is negligibk. 



200 f ^*~ 



It can be scen that at stirrer 
speeds above 1200 rpm chat 
OUR is insensitive to W ani 
hcnce ihe rcactor is we!l tnixed 
i,e, no litjuid difiusiotial 
limitaiions, 

OUR: Oxygen Uptake Rate 



Hence using the syscem pressure data at 1600 rpm for the plot of In o vs ln Po; will 

give n uninfluenced by drffusion. 



PO; = P - P, = P - 1 



//- V 



Ac 1600 rpm 


PH-Ĵcottfd 






l)„ ml/hr 


lnu> 


Po? atm 


lnPOi 


21 


3.04 


0.2 


-L61 


e: 


4.11 


0.6 


~0J51 


106 


4,66 


10 


0.00 


207 


5.33 


2.0 


0.69 




Tbe gradient, n = -999 = 1. » iht rate l»w Ls 



Part (a & b) 
Mol baliince : 



FrohleTTi Pll-4„ 



Packed bed. mass tranfer timited. gas phase 



I dFa 

¥1 

Ac dz 

1 FaodX _ 
Ac dz 

U.Cao.dX _ 
dz 



wherc Fa = U.Ca-Ac 



U = cc-nstant superftciai gas velocHl 



Mass transfcr fimiifid boundary condition 

ra" = kc.(Ca - Cas) but Cas = Q T rapld rcaction 3 



//-#" 



1 



Stoichiometry • 



Combinin» : 



Asstime constant T. P. gas phase 

Cao.{\- X) 
{\ + TxT whereE = y ao - o = -05x3 = 0.J5 



Cao.Uo,—- = Oc.kc.Ca 

dX _ at.kc.g - X) 
dz Uo.(l + 0_ux) 



Use Thocnes & Kramcrs comJation for kc : Sh' = (Re')" 2 (Sc*) 1 * 



ParameE&r evaiuaiion : 



*?-± (jl) i = r _____% r% g r 

Diffusion of cydohexane in Ir/drogen (assumms conseantT, P) 



DaE> 



o.ooir ,Ts r^L + _LT :i 

. LMa Mh I 



Fuller Schettler. Giddings for bm^ mucure, low pressure, non 
pofar CPerry's handbook chcm.efig.) P 

Ma , Mc = mokcularmasses = S4 , 2 respecti vdy 

Vu . Vb = diffusion voiumes = 122 , 7.07 cmVol respectivdy 



0.001(773)' 



LS4 2 I 



i 0.85 7cm" i s 



__m 



___U__Uont'd 



Ziz. — +-tt.d.l ^ + 05(0^} 
= _ = ___ 

K.dp 2 0.572 

V» 60000 „„ , 



U = Uo.( I + ĉ.X) = 50.9(1 + 0. I5X) 



_ RMM.P _ (84.tQ.05jc2ĵ + (2j0.95j2ĵ 



1 9%m t\*s 0.000 I9_r/cm n 



fl.T 0.0821*773 

M- = 0000 17 g/cm.s (H_ , 500 K . 2 atm) 

0.00017(1-0.4)1.146 ** U1JJ1; 



- _____/ ______'! __i 



____! _____ = 

-0.4/I.I46~ 



fc = ^--.[473(1 +0.15J_)J' 2 [1.044_?' 3 = 17.98(1 +0.15A") 1 " 



_^ = ,,* ______________ 

ifc """"tl+Ŭl5.YV : 



// - 7 



tttiblera PU-4B part a/b 






PU^4<_on£>d 



J vnlug Firyil_ vali:c 
5 
0.9999? 




1.M7S 

J.T5 
I.K2S 


0-9SS9l*t9 
0._t9filL<_LB 
0.9968.S94 


i.t75 
l.»J?5 


ŭ-ss-jsssis 

0-9*7afiOT2 


1.062 5 


o.saaijojg 
9.93a_<is___. 


*>115 
l.llTS 


(t.S3654S9fi 
0,3 937251 


I.JLJS 


0.95437833 
□-99*01579 




0.S391J5SE 




0.9993102 


I.5SJS 


0.999.Ĵ243 
0,39J4LĴ44 




The re_-_::_5 show 
much .«s _h__n th 



5 cm of the Lube j s reauin. d for convereioii of 99.9%, 



//- f 






Fart (c) 



p____4coat'd 



kc-dnf Ql_[ u-dp-p | [____ 

Dab {i-*h U(i-OT Lp' Dab J 

ming tbe porosity remains the san», facu 

j catalyst pcllets are: 



of the catalyst pcjlets ate: 



2. rt , — + it.J-i ^ + 0.25(0.25) 



„._p ! 0.2S6 

50.9(1 + 0.1 5X)Q.2S6xO.OQO 19 . 



1.145 



R . _ ^ - — - _ 23.6S( l +0.1 5X) 

000017(1-0.4)1.145 

,-__!_* f___J!-_- = 0,l94.*c 
O.S57ll-04.J 1.145 

kc _ _J_. [23.63(1 + 0.t5X)]""[l044f ! = 2539(1 + 0.15X) , '= 
0.194 l 

_ ________ L2j9 _m" 

0.286 

<_Y _ 12.j9.T25.390 + Q.l5Xy' : (l-X) 
"_7 _ 50.9 '(1 + 0.15_) 



= 6.2S 



U-X) 



<fc (1 + Q.15X)" : 



POLYMATH 






//- ? 



&&- 3 . aco 1 




Drable-Jn Pll-^B par* asb 



As can be seen from the abovc graph, the affect of reducing thc dimensions of the 
pelltts by haJf resuiis in the conversion reacfang 99.9 % 1,18 cm from the enrrance. 
Inis seems reasonable because rcducing the sije of the catalysc particles is one of the 
methods for incrcasmg mass transier and hence fcc. 
Part (d) 

If pure cyctohwaw e feed were used at the same volumetric flo wrate 60 dm J /min then 
ine imtial buifc concemration would be greater and thete wou!d be a *rcater 
concentrafon gradient actoss the stagnant film on the peliets. Howevcr the mass 
trumster ccefficient will be teduced as thc products must diffuse awav from the surface 
whtcn VfM be harder m lugher concentrations of cyclohexane, 

Thc equations used in Part (a) do not incorporate Cao, the initial cydohexane 

conccntration (Cao 1S cancelled out), so the on!y affect this change would have is to 
altcr the physicai properties of thc bulfc fIow : 

(84x2) 



TF" = aiiufe = 2M7sfn ' ' * C00265 * ' cm> 



? g/cm.s (cyclohexanc . 500 K , 2 atin) 



P«irt (e) 



This problem givcs an indication as to how changes in parameters may affect a packed 



// - fo 



Problem Pll-Sa 
Miiss (ransfer timiied, rapid reaction. packed bed. 
X, = 0,63: for dp.Uand % 
X ; = ? for d p / 3 , l .3 L b and 4 u* 

^t^-^-J or ^_J,_- 

Thoenes and Knimers Sh' = Re" " Sc" 



Rft' = 



Rc 



pudf 
~~~~)f~Mb-4>) 



assamc sphcres (y = l) anrf tŭastam 
fluid proijerEies, votdaze. 



p.0« 



1 ~ (!-$>■ Y £>.w(l-4>) 



tr# L i-* J 



consiaju bed diameter u o<1J 



6.(l-ŭ) I 

a, = — a<oo-- 

dr <* 

u-.»J UJ <t u* ^ ^ 
Kt^) _ M: (H_ _L - 2 f ^ffiY'T*f ^ 

JX[" ~~~ ■ d,™ 1.51 UJ bJ UJ ^ 



8 _! , 1~0-631 S 1896 

1 - X: 0,257 



//-// 



Proposed gu i d ei JneE f aroptimum p ^ ^. .^ . 

intta.ial on X (raisi . q „ , hi,fe o»A T f "' "**"*<*> * «« 

J&taŬS^^--* * ■— <• «• ~,oo S^ 



P^rt (a) 

A,s U m e a L anSmuir -Hm S he!wood mechanism surface „ 



aE high T weak adsorption ] » j^ + ^ 

wlicre equilibrium constant tf = Al 

Mas. transfer Ŭtfel b^ COnditionĵ w ' 

ra ™« k *-I^a - C*ĵ = - r*. 

W B U wS ,k a .(C Bs -C B ) = - u ;' 



//-/^ 






< l) + (3) eliminatfis C^ 



(2) + (4) eliminates C» 






IM&H? 



ut it is mass transfer limited 


sokl 


is relative|y large 






• O, 




" K 




-r-t, 








[> + K.jbJ 










IVCi 


— TA. 


' b i 
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f ll-ft contM 

art (b> 

/ l \ kc.a^L 

Thŭenes and Kramers Sh* » Re Sc 

Sh' oc Kc and Re" - " 

U-i w- 

j^ « u lrt all other parametcrs are constant 

3ci = ati = constant 

JLsJ^. if the ftowr*e is doubled and the diarnetfir of the 

U! " : af* pac tod bed ramains the sams. fhen m = 2 « l 

Hence the «*«««*« wci S ht W lW illbc M| W t . cheoriginni catalysi «-tffe if 
the stmcesv is to incrcase bcd iength rather than diarr.eter. 

X-l-exp 1« 



„{ k c a c L 



l ~7 = x 

E increases. e E increascŝ, l/e E decreasc^, X increas&s 



//- & 



Pl1-6 coat'd 
j T Ehen E and X 1 



Tempeniture. T. affeccs kc (via D a b . u and P> 

*c « jD Ĵ - 1 I — ^— 1 f rom T-K corre laEion 



tience f ' 






If T T ihen n X but p md D_* & T sokc.E and X T 

Pariicle siic r d„ , affects kc and ^ (not u if voidage remains chc same) 
SVŭni T-K correiation 



1 

' 4- IJJ 



l 

0.c *e - 

Hetice £ « — — 

If d„ T then E and Xi 



Mash. gasphase 

Mol baiance : 
SEOichiomeEry : 



ProblemPlI-7 a 



consEanE T, P 

(1-Jf) 



E = yao.S 



fĵ- /^ 



At STP (273 K, [ atm) : 22,4 dm T - ] mol gas 

Taial molar flowr;ite, Fo = 8.44 x 10 = 84.4 moi/min 
u u = 20.5 Fo = 2Ŭ.5 X 84.4 = 173 1 dm J /min = I73ie3 e m ] /min 
Jl.i/^ : jt.10 : 



Ac -- 



= 7&.53,em 1 



_ U. !73ig3 
" Ac ~ 7853x60 = 



367 
1-387— 0044* -3 



lWtt (25^ K. 1 atm) = 0.247 cm : /s 

I f500Y 7J 
rW*(5OOK,2ate0 = 0.247-1 — 1 ^0.311^/j 

Sh^Sc^ReJ^-^ 
£>afc 
0.311 .„ 0.94 



//-/£ 



Eliilconfd 



For t mol NH< 
l-OHS 



y^ = 



8.44 



E = 0. 1 18 x 0.25 - 00295 



P _ 0-118*2 



/tr O.0S21*50OX 



i?™ = 0.l67mp*/mm 
* 60 



a, = total serten surface area per total -volume of one screer 
a it.L.N- = 7i . U-y +■ Ar\ N 1 N = mesh size = 250 

= K J — l -r + — 250 J = 35 Sirtch- 1 = 337CTTI"' 

|_250 z l 254 J J 

Using CoSbum J factor for fcc : 
a 0-94 



D.MH.tf- 

Re = but u: ls the actual velocitv in the mesli 

li 

and w = y where u is the superficia] vclociff 
W 

Aŝsume p (air, 500 K, 2 atm) = ! .387 kg/rn J 

p (air, 500 K, 2 atm) = 2.7 e-5 kg/m.s 
ChemCAD ffl physicai properties dacabase 



II- J 7 



Substitutiiig Lato the mol balaocc: 
dX , l-X 

dV c * (1 + 0.03*) 

0.167 (l+0.03X) 
(L + 0.03X) 



scrcen 4 * 4 



Problem Pll-7t> 



Ifli^iAl V*lU* 



v * u ' v t = 0-S9 



i ? iiu J. ■- '-. t u.f 




The resuhs show that wi[h a sfoĝte screeru the final conversion is 60.7 % and is just 
sufficient for the requiremenc 



//- /r 



ProblemFll-Sr 



Oiffusion in adjacem skin layers 



?si= lOLkPa 
P H , = kPa 



Skin laver ifUerface 



OuKr Iayer 
SLnŭium 

cameurn 



Inner layer 
Epidermis 



Pfe»0Hj 

PH.=sia 



Assuming dUute solution and constant total concentrarion in bcth iavcrs gives: 



dz 



C* = K,z + Ki 



for eacb diffusing componcni sn each iayer. 



Ouier laver : boundarv conditions z = , C A = Cao 
z = 5, , Ca = C« 



Ŭ = &o-(C«>-C*)^ 



Inner layer : boundary cottditions z = 5j . C A = CUi 

Z = 5? , C A = 



5:-SlJ 



fof'7? 



TotaJ partiaJ pressure prŭftles 

Outer skin laver ; p A + Pa = Pa0 -( Pm . Pm ).± + Pbi ± 

= ]010-(1010^ 100SU-l_ + iO— 5— 
002 0.002 

= 1010- 1000.; + 5000.^ 

= 1010+4000.* 
Inner skin laver : 

l0.Ol-0.O0zJ lBIU '"\o.Ol -0.002 J 

= 8 10 + 1 26000(0.0 l-r>- 1 00000(0.01 - ■) 
-810 + 26000(0.01-;:) 

Check s At interfaĉe (z = 0.002 cm) : ******#?' = flwwrfajw- 

&* J?*-a- #**■ P » 

1010 + 4000. ; = S 10 + 26000(0.01 - z) 
1018=1018 correctl 



Plot thtse two profiles across the sldn from z = to z = 0.0 



//- £0 



Ellzŝconfd 

He : Liner bjer ; boundarv conditons z = & t , C B = C M 

K = 5; . Ch = Cbo 



Jti = 






K: = C* fl - 



Profile C*=Cw-(C*>- 



-nm 



Outer laver : boundaiy conditons z = S, , C fl = C Bt 
i = . C B - 



K; = Ŭ 



& = 



Prottle 



Total concentration profiles : 

Ouler s kin iny e r : C* + Ca = Cao - ( C»o - Cw). — + Cw . — 

Inncr skin Laver : G + G = C^.| ~™1 + C» - (C™ - &,jf5i^£j 
Evaluation of C v and C 8 | : 

N: ; Outer laver : Wm = ^%T*>- Ĉ*r] 



"•-&*- , 9 



Inner layer : 

Assurne that flux in inner layer = fiux m outer layer i.e. W A , = W^ 






//- */ 



" 



Eli^JtcoutM 



Conversbn of kPa to kg/cm*s 2 
<^I01000P^oiOOO^W=10lOkgW , lk^lOk*W 



1 
4 


D 2fl t 



I 



I 



10*10 "" 5Q*1Q- J 
0.002 0.008 J 



He : Outer laver : 
Inner Javer : 



= -^[0,-0] 



"-"SĴG**-^ 



"Ŝ7 ŝTTstJ 



a 


.rlO 


i 

!0£-O + 

, 0.002 


l 


j.dOi -7 
0.008 



-^lOe-^/^-j 



S. o;~S, 



6i ^Si O.OOS 



/ cm.y 



p af -_____5xWe^2 

Sii 0.002 



//- <2_2- 



PJJz&confd 
Pressure Profile of skin layera 




The maximum sum of partial pressures occurs at the sfciu layer interface 

z - 0.002 cm P Tatll = 10 1 8 kg/c m.s : 

P^ = 10 1 fcPa = 10 10 kg/cm.s 2 < F T «a = 10 IS fcg/cm.s : 

Hence the niaxiinum sum of the partial pressures is sughtly gieater Lhan the saturaŭon 
partiaJ pressurc and so gas wili form bubbles at the sfcin layer interface causing 
blisters. 

FrnblemPll-9i 
Dissolurton of monodisperse solid particies in G&ms sohenl. 
1 






Defme con version in terms of volume dissolved : X 
givcs D^Difl-K) 1 * 



6 



//- ZB 



ELb*c<mt'd 

Sutoituting for D : Di-Di£l - X)" ? ^~{Of- -[Di(l - X) K1 f)= a ,r 



term l Eerm2 

Surface reaction cotitrols : D* is large. term 2 is small c/ term 1 
Di- Di(l - X)" 3 =rj,t 

Mass transfer controls : D* is smail, term 1 is small cf torm 2 

Borh regimes appaient : Terni 1 and term 2 apply 



Part (a) 

Mass transfer limited 



Problem Pll-Tft r 



-■VV^kc.C^ 



he reaction rate is equa| to the mass transfer rate 



A in e*cess , C A = C AŬ 
-JS»»? " = kC A , = kcC« 



For smal 1 partitlM and neglig ible s hear stress : fe ^ -^ 



„ 2-£>e 
-r*. =: — — ,Ci<? 

D 



//-«2V 



Mol bsilance onsoiids : 



piM0c ont f d 



then - f*/* = - r W = 
rft 1 p j P.O 



6 di 
For l mo.e A dissolvlng [ mole B then - r^" = - %" = kc-C« as C*. is undenned 



Boundiirv conditions, t = » D = Di 



D z -Di l A.DeCAO.t 



I" k , S.Z>e C^.rT 

D T~ — H 

Time for dLssoLuŭon T te . tt D - 0, and assutning partide dcnsitv, p = 2000 kg/m 1 
p r pr 2000X^10;-^ 



~S.D*.C«, Sx{lOe-lO)x(20QO) 

i.e. vinuallv instantaneotis dissolution 



Part (b) 

Surface nsacdon Limited - r^" = kf-C^o 

Mms transfer effects are noi important when the surface reaction nue is Limiting. 



.4S 

' tt n- = — i- — 



Mol baiance on solids : rar' ' .H . £>" - 

For 1 mole A dissolvins 1 mole B then - r^" = - r fr 



//-^~ 



E_J_l_c<mt f d 

Bo_nd_ry condirions, t - D = Di 



J_ 



j^_.~___l£_^ 



0-Di __________ 

p 

P 



Time For dissolution. cc . at D = o, and 



assumirtg particle densi^ p = 2000 kg/m* 

__________ 20OOx(iQ g -5) 

StteŬrt 2x(lO,~lO)x(200G) = 5 * 10fI2ĵ 

a very long time. 



Part (c> 

At t = 0, , ot _l molcs, A b lanfc = 0. 1 x 100 = 10 moi A 

Acid Mt in e *c„_s and dissolutioa is M traasfer iinnfcd (C^ _,. C A *C AO ) 
W* = fc C (c A - C*,) = - r "-tr 






U-tL 



-■C* where 



■£^0 and *._2|_ 
n, 2.Z>. 



/A24 






P11-10 contM 

Mol babnce on soLids : rs; ' 

For L mole A dissolving 1 moLe B [hen - ta*" = " r* 



{*?) 



* 1 p i p li*H 



Boundarv tondUiotis. c = , D = Di 



^ _ D + ^-i- .{ Di- - D-) - a .r 

2.D* 



As a function of radius : 



D D 



Using thc quadradc soLver : r = ~— 



- fl - ± j(p7-^-i».--ri'' 



Time for complete dissolution, ic, at r - : 



//-^7 



PH-10 coiit'd 

^p^ooo^ * ^^ J^-^ - 10 - 19 

ZD. = 2,(10.- LO Ĵ =2jl0gS 
fcr iOtf-lS 



- 19 L l.x{2x\0e-%)\ 



again a very long time. 



Fart (d) 






To reduce lc, increase C A and / or decrease Di. 
To increase re, deerease C* and / or incrcase Di, 



PrnhkmPU-llR 

Irreversibit. gas-phase. adiabaiic. no pressure drsjp. packedbed. 

Part (a) Isothermal 

Mol balance : &*^Ŝ; s - " mol/gcat s 

where Fa& = C*o- u » = ^ -3 * ^ 4 = lŭ moL/cm' 
Rute faw : - tu = k.\C^ But C* g unknown- 

Assame reaction rate is mass transfer Limiied. 
\V A = kc.{C*-CJ = k\CA, 



//- 2? 



EliillcoDfd 




kc.C* 




kc + k' 




k\kc.a 


cm 3 mot 


kc + k' 


f.gcat cm' 



Scaichiometiy ! 



where ft = 0-01 cm-Vs.gcai at 300 K {constanl - tsothermal} 

Sh = LOO.Rc 1 * 

converting : 70.7 X^ = 70.7 X 60 = 4242 cmVs.gcat 

0,01*4242x0 
4242 + 0.01 

gas-phase, constam pressure jmd temperature 

vvhcre E = yAD .5 = 0.5(1-1) =0 

Ca = C *[>{!- X) and C AŬ = 1 mot/dm 3 = tOe-3 mo!/cm ? 

POLYMATH 



problem pil-HB part a 



ke=»42« 
ra*-lfc*l«:*c»>/41"-*=] 



/AA? 



Ellillconfd 



Problem Pll-llB part a 

Lcial valu^ Ma*ijm« valu* MlnLmam vftlm ri&al vnlu n 




For a camerston of X = 60 ft . tt",-^ = 925 kg 




//r^fl 



EUbllconfd 

Piirt(b> AdiabLUic opcrution 

Mol KiJjnce anJ raie iau. uts <n PiirL(j,} 



A-ith ftri=0.0lexp - 



i-L-if 






Ener^y bahnee : 



\[+E..vi 7 

ondCio^ lOe-3 moi/cm' 



£ Fio.Cpi.{T - 7u*1 = [10 x 15 (T - 300)] + [LO x 75 (T - 750)1 
= 1000 (T - 300) 

- 1000 (T- 300) +■ I0.X.( 10000) = 0. 

POLYMATH 



Probleni Pll-llB part b 



k»0.01 
l*n>=10 

cao^O . 001 
Tg=300 

i>( io "ifiocnĵo/imrti } *lo 

ro~-l**ltc*c».) /(**!«} 



InjCial vnIiM 



42i2 


iiii 




11X1 




«843 


0,001 


joo 




0,001 
100 




'3. 001 

30 a 


300 


Ĵ6S.4B3 




-|-::e 




355 , *33 


0.-301 


0.001 




D. 000193 3 3 


1 


D.aaa2HJJ3i 


-9.9J?93b-0 


S -2.8133* 


06 


»9. «3338*- 


»8 


-Z..333Je-OS 



I,1»-KJ6 
0.S54B25 
0.31 



//-31 



confd 
Problem Pll-liB part b 




For u con version of X = 60 % . W Cill = 1 020 kg 




//-3^ 




Tr 



It is possible to generabie that the addiŭon of temperature variahon in adiabatic 
operatioa does not affect the convcrsioii, conceiitration profiles in foim, bnu the 
numerical vaiues are slighrJy different. Because the rcaction is emthc-Tinic, isothermal 
operation enhances the conversion profŭe along the packed bcd, so that for a given bcd 
diameter lcss catalvst b required. It is clear that adiabatic operation inhibits convcrsion 
as heat is not removed from the svstem so more c atal ;■.■ sfc ra ■ 1 ed for the required 
conversioiL The remova] of the heat generatcd b the reaciion allows a rcdoction of 85 
kg of cataly$t in the bcdL More detailed cconomics wffl indicate wbether lsothcmial 
operation is worth iL 



Tir 

Fu 

Fh 

Pil 



P™hleimFIl-12<: 



Dissoiuŭon ofpills. 

Part <a) 

Compiete dissolution. 



//"^ 



HW 






dCa Vio^i, 






Reiate C A io time : 

«BffltAgb. ' y caen o^er. wil| each contribute io C A in ihe 



Time for outer hye r to dissolvc „ = ° -^^(O.S 1 - 0,3 J ) ^ 

u : - 4 mm, D< = ĵ mm 
Time for outer ] ayer to dis 5 olv e u - °' Q 3M. T {0.4 : -Q,3=> ^ 

^^Ĵ^mm.Dr^Ĵmm 
Time for outer iaye r to dissolvt r , t 0-0354 T (0.Ĵĵ J - 0.3 : ) 



tnol baiance on dmg ; 
where e»:*-** 



/■Vir.Di 



! _. „ ^"""^ ^-LtA^. i^ £?B Hi fefc/ 



Wtaft *'^tf*ugins t0m _ c h- 
and b__ndary condmons : t =■ C| , Q-. a voI(JIT,e sr °mach fluid , cm 7 

t= * . C* = C^ WiA r = 0.5/1200 . 4.I7xI0e^ g/cm 1 



il-S^j 



ELLLHconrd 







Outer laycr : 



Dz = 4mm 
Di =3mrn 



Ji,. D ,.) 



di 



Mo| bit lance on ouLer I a ver : - + r* ' . x . D z ■ 
and u" rate of dissoiution of outer |ayer - rate of mass tnuisfer from piil surfrce W* 
W A = ^.S™ » - r A " 



Assume densitv of outer laycr = inner layer a 500jcl0g ~ e s 0,0354^ / cm z 
6 



S«=L0kg/cm ĵ 

2.(-/a") 2t2jJJ^.Ĵ^ 



Boundary conditions : 



dD 

di p 

t = 0. D = D 2 

t = t, , D = D, 

Di 2 -Dr 2x2. D*sS«« 



D.p 



where t, -■ timc For outer layer to dissolve 

_ 0.0354 x(QA 2 -03*) 
S^(6jfl0ff-4)jfL0 



//- JkS 






Tnner core : 
Boundarv condĵtions : 



PlLJJconfd 



t = 0. D = D, 

t = t j , D = 



Dr 2x2. D«>.S,* 



tvhere t 2 = time fŭr inner core to dissolve 

Q,03Ĵ4xQ,3 2 



= l.66min 



time for complete dissofution , t T = t, + t : = 0.52 + 1.66 = 2.13 min 
Part (b) 



blood stream 



C s conc in blood 



stomach 



Ca conc, in stomach 



® 



dissoLution 

stomach wall 
Lel rate of adsorption into bloodstream 

- r A " = k A .C A 
Relate concuntration in stomach C A , to concentiation in blood C B ; 
Mol balance on drug in bloodstream : 



© 



ilt _dC* 
dt 



dC* 



= kA.CA 



/f-^b 



pu-iz 



contM 



Scaie-T lO 4 




Part(c) 

irutMy vsries with ŭitt M then tom« independent of ume js aU 0» diug n *■ ^ 
in th e stomach has absorbed in» tta blood (cor.su mpdon of the druj I «»■; 
bloodstieam has not bee. moddled, nmlistfc bui no data). If » ^" drug **■ 
specificd, nnd assuminŝ a «MUI size of inrier core (diug) and that tbe ■ P«J* ** 
fe laken simiUaneouslv, Lhea the way to achieve this would be to use prtls ef difl^ 
ourer Uyer thieknessc^co mainttta an even stomach tonceturauon and ■» 
absorption rate over the whole period. 



0-Ŝ? 



Rflkte D with rime ■ _£_ 






D = 



_S_ 

k - y . u = o 

conceatraijon 

^sss=___ssk^* 



-■■--- -J ,'■:.: :„j ^ , . «*"-J.l**Dl/VJ 

™^^ii!T_?Sf; B- ^ 1,i * a -"™'«' 

»^'^.iS_; iiiaWi0M> >)*«i^ 

l!C_J,/_ ft , =i ' > 






i-a-/w ? tM fsJ 

■~-a*Sin/f 




//-^r 






Relate D wtth time : 



<tf> 



P 



tiV p D.p 

and boundary condidons : t = t g , D = Di 
t = tj i D = 

Using logic tŭ obtain the correct tiniing for tbc drug concencration profdes inside thc 
sromach for each piJl, the total ptofiie is u$cd in the reladon with the conceniradon 
profile in the bloodstieam. 



PH-12C 

Eguatlena: 
dfOl),H.J[t)*ir(t>O.24)tt«n[i'<eil>O.Ŭ00Ollth*! 

01 "rho) }ci*c (0) J alse(O) 
dfOa) .Mit)=-Jc»'C«*V/T»Sifi<iy 

diCal ) /tfiCJ nif [t>0 .34 1 theni i*D«h*Siii*3 . 14*0L/Vi els<H0) 
diC*2 1 /df c) =if (t>0 .SJ> thtŭ(3*Pfllj-siii»3 , 14*D2/V) el»(0) 
di 02 ) /d I.CJ »t£ [t>0 .5.2) then( i£ [D2>a .00001) tlwnf-4 •Oah-Sin/ 

D2 'iiiaj ) c J sc LU) ) els*(0} 
<JfCa3 p /d|«) =ii f S>1, 161 th«i[!'Jiab*Sifi*3 . 14*D3/y> el-e(Ŭ ) 
d(D3) /dfc) =if it>l . 10) chen(il [D3>0 ,00001) thonf -4 *BaJj*Sij l / 

n3-rhoJ JelaefO) )el$c[OJ 
B»1«O.OODS 



Injtial, ffalue 
'Sio/ ( 0.3 



rbo="35.4 














iti=0. lSC£fl7 












V=1200 












wtpody=75oao 

Ca ■CjI-hCsS +CaĴ - ( Cb- 
C " °' 6 f -, 4S 

Viriabl» Initi 


M»±y/vi 

al vmluc 






pifisl value 


t 
01 


D 
D.3 




4S 

0-3 





4S 

9 . 9965c-06 


Cft3 









2.001.649-05 
0.00041737* 
0-000417373 


4 








00164*-O5 
000*17376 
0001417373 


BS 


D j 




0.3 


9.3S774*-06 


9 


99774e-06 


C-3 
B3 



0.3 




0- 000417 164 
0.3 




9.99S41e-Q6 



9 


00041736* 
99B41c-06 


DAb 


0.00 




0,0006 


0.0006 


o 


OŬ06 


Sin 


400 
15.4 


564"? 


15.4 

0.1 66647 


*DD 
35.4 
, 166667 


400 
35.4 
0.166667 


V 


120 




L2ŬQ 


1200 


1200 


O". 


75000 


0.00093116 


75000 


7 
1 


5000 

.D9O44e-06 



/f-M 



Emacoiifd 



Part (d) 



To inaintain constant drug level by maintaining a constant stomach concentrarion, 
time needs to be allowed for thc dissolutio» of thc outer layer. for a givcn pe-riod of 
say 3 hours. a size distribution of outer layeis is needed, with thin layers for initial 
response and thicker Jayers for delayed response. This distribution would be back 
calculated given thc ncceS5ary sEOmach concenrration for the rcquired blocdstream 
conccntration accounting For bloodstream drug coLsumption. Optimization of the 
stomacb concentration will iodicatc thc tirnes at which complete dissolution of the 
outer layer of the next' pill is required to maintain this ievel The range of pill sizes 
depends on ihe number of pills which can be reasonably consumed in one sitting, the 
period for effect and the limics of practical pŭl size. 



ProbkmPll-l3 w 
Part (a) 
A possible reason is a reductton in rtie conversion of hydrazine in che packed bed. 



X = !-exp 






The rwo routes of investigation are : 

i) Possible saboiasc of Lhe hyc!razine / helium 
2) Possible saboiage of the packed bed 

Three lo^ical questions ma,y be : 

1) VVhat was the sise of the packing particles used ? (affects kc and aj 

2} What was Lhe bed porosiry ? (affects kc) 

3} What was the composiLjon of rhe fuel mixture 7 ( affects D^a) 

Part (b) 

Thc*nE5 and Krame r s corrd aLion S h/ = { Re ' ) lc ( Sc ) ' ^ 



!k 



/?-*/» 









but y 



2.r.x.L f + 2.x.r l 



Dab(T) = D^<298K)(-~J 

A reductton in ihe conveisioa X would mean chat not ali ihe fuel n&tnue decomposcd 
und hence there would not be the tequincd amoum of energv or thrusi releastd, 
caiusing the crash, 

v , r festta-J i 

.d ^^f^S^^MiT^ 



/M J 



P11-13 cont'd 

If' tcnm l decreases ihen X also decreases. 

Powible reasons for ttje reduction in X cbtild bc : 

• Increase in volume-average particle diametcr, rcduccion in cyLindrical radius and/or 
iength ofparrieic. 

dp particuEarly has a large influence on X : ' « — — 



• Increase in porositv f bed, Q (due to change in packing shape-), small effect on X, 

- Change in fueJ propcrlies : decrtase in p 
increase in u 



small impact on X 



^i" 



* Change in fueJ composition ; 

probabiy insignificant effect on fluid propcrties 
increase in % hydrazine - diffusivity, Dab possibly decreascd 
, decreasc in % hydrazine - less eoeigy release 

* Decrease in *a$ velociry. u (pump malfunction, wrong storage pressure) 
ke,iu.L 1 

' x ' — T7T if u > 1 m/s then X increases buc if u < 1 then X decfeases, 



• Reduction in bcd length, L — — — «* L 

u 
an unlikely cause unless no packing is used. 

• Wrong cacalvsc used in bed. 

• Cacalyst had become poisonedideaccivated - slŭwer surface reaccion may bccome 
!imitinŝ, 

• tsothenm! operacion noc achieved - failure of cooling syscem. may have causcd a 
structural fatilt 

• Non-uniform physical properties of che packing inside the bed - plusging. 
channetltng ecc. wi[[ creaie hot/cold spots and uneven distribucion of chrusc. 



//- ^ 



Prnhlem P1M4 B 

The plot of ihe data is shown bclow. 







Particle Diameter vs Time 
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8 
5 7 
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«J: 






y*-.0&t+l2.5£ 






















20 


30 


40 50 60 70 80 90 
Ttme 


100 


110 



Initially the rate of iricineration of the droplet in teims of diameter, is non-linear, but 
apparendy becomes linear after - 50 time tmits. The linear fonn of tbe dau indicaLes 
that the diameter is directly proportional to timc and the rate of decrease in diameter is 
constant and hence not a fnnction of diametcr- This relationship should make it easier 
to estimate the required incineration time Cor eomplete destiuction (zero diamcter), 

Assuming that rate of diameter decrease continues at the linear rate untd complete 
destmction {at tirns u and hence complete decomposition of the POHCs, tbe 
equation for the iinear rclation indicates tj - 160 units. 



//- 



4j 









Problem \\-\% 


Mo[ bplance 


on laverofearth 


coritrol voiume: 




FaI.~F.J_.* 


^A: 


*_.M 

di 




$r.ffl^*~A 


*. m 


da 




At.&z 




dt 




z^O 


dW., 
dz 


dd 
dt 



buc F A = ŭ^W A _ 



For diitite solution and constant tota! concentrarion : 



gives &*£&*$£ 
dz- dt 



Boundary condiiions : 

i = t (prestnt day) z = (surface), ijy = 



t = 0(cnd ofgjacial),z>0, 



Giv^ 5 tht etror functjoi 



¥= I 
iet * 



K* defln* tol „_ m . Ca . 001 ^ __, __._ _. , K _ _^ __^ __^ 
This dtfin™ fc p,:„e m! io„ thicknea, 6 (as a SjacSon of ttae) • ,. 82 = 5 



Concenfrgtion Pmfile 




£ ŭe 



EllzlĴconfd 

Sut the graph gives at , C A = 0.0 i C w -> z = 0.4 hence 6 = 1 S - 0,4 m , the 
penetration thickness afrer time t. 

The lime taktn for S lo reach this thitkitess, is the time since the difftision staned (i.e 

m the end of the lastglaciaJ) 



J3£t 
L1.82J 



2x2.64 j| 0*? - 10 ' 36Ŭ0-v24.r365 



= 56l6yt?rtn 



//-4* 



£Ud No solution will be given 



a) Thc rate of reaction <molAW* s ) w u!d decreasc 5in c^m - o S ( r 1 n- 1 
If tfac gas veiocitv * ere » mcrease tbe e*alyst wcight rcouired would iacre^ 

ots/ n i-x 

ihe length would then increase by the same facior: 

ssiss^ŭtK^^ s 22ni ¥ ***** ** **** 

charge 1 ,00 fcgg? 7he"SsS fij onl^l fe ^ ^^ * 12 ^ Ehe 

e) No solution wj]j be givefl, 
f) 



_ (4,42-lQ-'°)(530)f3*10- 3 y0.Q0 Q41 



/5-/ 



C„, > 1 so it is intemal diffusion limited 

kp h S a Rn f4.42 * lQ-'°)(l.6 * 10 a ĵ(530)(3 * lO^^.OCKMĴ 

KC*, " (6 * 1(T 5 )(0.02) 

-.33 
0.33 > 0.15 so il is also ejtfemaj diffusiOD limited. 

\ ~&Iĵ{kS A C w )p b RE\ _ 

I h * 2 k I" 

(104.67)(4.42 * 10" l0 )(530)(0.004)(l .4 * lOĴfa * 10" ! )(83.76) 

(105 .5X165 ].7Ĵ) I (.QOS3 14) 

= 4.37 * KT* 

4.37* 10"'' < 0. 15 so the bulk temperature is the same as the cemperature of the 
suiface of the peilet, 

g) With the increase in temperacuie. the rate of reaccion will increase, this wiB eause 
the slope of C/R, vs 1/m, and therefore the resistance, to decneasc. 

h) No solution will be given 

i) No solution will be given 

j) No solution wLU be given. 

k) If the diameter of che calalvst pellel were decreased, the value of the Thiele 
modulus would decrease, but p 5 wou!d noc. 



(i> Ycs. 

(b) All T. F-pu = 10 g moies/hr.. chc rate of reaction chanaei with flow rate and tncreases 
linearly «iifc tEmpera.ujrie. 

{c) Yes, 

(d) T < 367 K: F To = 1000 g molc/hr . 5QW gmole/hr 
T < 362 K; F TO - 100 g mole/hr. 

(c) Yes, 



/X- & 



(f) T > 367 K: F T0 = 1000 g mokfnr , 5000 gmol/ĥr 
T > 362 K: F^ * 100 g mole/hr. 

Cgĵ £1 = acna]raTeiifn. ai t,-nn = -r A t>L 3€2 K, Ftd =* iOgmcLttr) 

4M1 mcof ™ on ^ ,„ 362 K j^ = ĴOOO g mo]/hr) 

9 . jjjjg^ 0.37 

00 A[ F n = Ĵ000 g tofij«te , iheic is no Mtcmai difjftisbn liidanon. » thc cxtcrnal 
effectiveficss faetor is one. 

Tl - acmal rate of naction f M 362 K, Fro = 5000 g moifcl 
extrapolajcd raie of reacnon (a*t 362 K. F™ = 5000 g mol/ĥr) 

^* L* ' °" S6 

m ti - 3[<bocs h * - l| „ »„ 



B^itemtivesohirion^ = 1.60 



Ei^4 No soiulion wiJl be givi 



/1-J 



ELL5 



Cujvc A is reaction-rate lirnited- This is so because of the way Ihe curvc bends 
implying an exponential function which is also the equauon for k of a reaction with 

respect to temperature. 

Curve B is inter-diffusion limited. This is because- il has a dependence on 

temperaturc, but noi a real sigtiificant 

Curve C is outer-diffusion Umited. This has a much larger dependence on 

temperature. 









lati 



Boundaiv 9 ■ & = l) = I 

conditions: 1> = {X = Qj = fiiŭte 



Then 9 - (i) 5E^ 
U' siflh©i 



S&Ofcraess facIor 1] * J,^, cos h *, - i) Cirst onlcrreacrion 

Ac r = B., fc = I jCa . 0iCas whmC ^ = t xl0- 3 ^ol£ 

R = 1 xI0- ĵ cmL 
Dc = 0.1 cm^/sec 

, . . 7x 10^ 

(a) ĵl = . — = o.7 

lx 10 3 

Al X = |r, <p = 0.1 : 0.1 = 

. J feh {6x0,7)1 

0-7 L sinh6 J 

— ^- = -X. fd£^£l 
1 x 10 - ĵ 0.7 L e ŭ . e -« ] 

C A = 2.36*10^^1 






M- 



(b) ti m i[^ cos h *, - 1] = 0.80 #|ii 2.04 



Ai X = 1. 



9 = 0.1 ; fr = 6 (5« part ^ 



12-7 



a) Start with a mole balance: 

Divide by AAz and take the limit as z —> 0. 

From thc flux equation: 

Combining the two equatiotis we get: 

4-d, dc./^zl 



^ + Jt-O 



Dividing by -D r we get 

— SM- — = 
<fc : D, 

We need boundarv conditions 

<#i 



B.C. (2); 



/*-*' 






1*1 2-7 contM 

We can then solve for the concentratiorj profile: 

dz D t h 

Using bca!ndaiy condition (1): 

O-^ + c, 
D, 

c,=-^ 
A 

___^____ kL 
dz D t D t 



Integrating again; 



<i-f> 



io; 



2D, D t 3 



From boundary condition 2 C A0 
k 3 Jtt 



r= + C rt 



T| ~ _ C3-tg.of-Tcacrion wth difftision 
r_:e of reacnon vtiihour diffusion 

2D(C A -C Afl ) 
_ z{z-2L) _ 2D(C A -C A0 ) 
k " k£(z-2L) 



Eoundarv condĴdoris: 



C A = atz = L 



IX- i 



/ 2D Caŭ ^ / 2(3.6 x £Q 6 cm*/s)(4J6 x 10' 5 mol/cm3) 
» k ~ V <2J x 10 lS mol/s) /(3 x 10 10 cn^) (L cm) 

L 1 ' 7 = 0.0640 

L a O.0O41 cm = 41 p. m 
(d'j Tbc amwcr in pait (c) IS equai to thc avcrage tail ltngth.. 

t\ = 1 in ihis problem. Jf-t[ = 1 .dicflkcoatradtctsieassuinpEioiiofHiiffusioa 
being rate-limrang. 



PU-8 I 



ra 



T r- 1 --^ 



: * 
C A = Cas 



e = 2L 
Ca= C^ 



C * = Ŭ C - 



First-onier irreversiblc macrion: 



Molebalancc: -^d 2 - 



dz 






(5^) c ""= 



'= ( ^l 



ix- 1 



Loncentradoii diĵcritmuon: C A a- C^s 
L = 10' 3 cnx 2L - 2xlO J 

Cas = I0 ĵ gmolc/1 

D - O-IcaAsec 

Atz = I_ C A = X CaS ^ CaS [ JJ— L J 



\ cos h^ / 



cosbf 



* = 2.9932 

/ C0Sh [*(i-(UL]n 

(a) At z - 1/2 L: C A = C^ LJ L__i 

\ cos h * j 

,/ co.h [2.9932(0.5)1 1 
Ca ^°' M1) ( cosh {2.9932} ) 

C A = 2.345x10^*^0^1 

(b) * = ^"fm = *&&& 

tanho^ anh. 2.9932) _ _„, A 



2L™_. = ^l^ - k*^(|ifi) * 5-9<»ĵx I0 j t m 



(c) Ati - L.C A - 



Cas 



-jum^ 



cos h (0.8880) 



i 7,038 x 10 J g mol/1 



:.o_ J; _,,_,_ 

Tĥui; minitnurn C A is now 70,38% of C^j. Then_fore the --.ggestion is piating entire 
suifac* of the inside o. thi pore. 



/A-f 



_L_2 



Define W A > in dirccnon of ŭicrcasing z. 

Mareri_ balance: 

*J ^C A ;W A , -D,^ + C A V ^ -D e ^ for^C 
TakingAi^O: -a p ^_ + r ; a Ap = 




dz 

ŬZ* 



;■■-; 
dz 

Fŭr oons_ni D« ; D, 

Boundary condidons: z - L C A a Cac 

* = ° "^ - by symmctiy 
■^g* - a* C A - where a 2 = t_ 

AS5 __ C A = e^, dien r 2 - a 2 = r = ± _ 

C A = A^c^ + A^e^ 
Arz = L: C.« = A^c^ + Aj-^- 
-£-!,_« = = -aA]+aA 2 = 

-"- A, - a 2 
Ffomabove: A. - ^ _ 



le*L + c*Lj 



/1- ? 



F12-9 cont'd 



Thdrfbt?, ooncentiation profile ean be wrinjC(i as; 



c a = Cas 



f cos h fccz) | 



lcoshjaLjf 

W A A P = -ApD e a Cas tan h (oL) 

Sy ihe sign conviciiŭon: -W A Ap = t\ r A a A P L - -t\ kCj^ a A P L 

.". TtkC^saApL = A P D e ctCAstanh(ciL) 

'-(Vf^HVf 1 -) 



Orerall cffecrivcntss factm: -W A Ap = Qk Cu, a ApL = t\ IcCas a Ap L 
on & = £il 

■W A a p = kc Ap (C A o ■ Cas) = a A ? D t C AS tan h (aL) 



£ii f 


f 


C A Q 


1 + £ĝ* ho n (oL) 


Q - 


n 



'*f»w '♦VtFHVIFH 



/5-/° 



Stait witfj the mole baJance: 

W *A. ~ ^aAL^ + r A AAz = 
Divide by (-AAz) and take the limii as Ax approaches zero. 

Then find the eouaiion for the fluJt: 

K = -*>^ 
Combine and get the comect differemiai equalion: 

The boundarv eonditioris are as folJows; 
B.C. I: dC,/dz 9 @ z = 

B.C i:C ft = C^@z = L 
We are then abie to soive the equation: 













dC, 


_^ 


+ r , 




dz 


/> 














= 


^t 






Q ■ 


. te- 


+ r. 






2£> e 

Jt/ : 






e* 


2D„ 


+ c_ 



/x- ft 



£13ilfl«>nt'<* 









b)<& e = 1.414 %| 

z = 
*„ = 4 4>J - 16 

= 1+8^-8 

r 



;=0.935L 



4|J- 




/x-M 



for** = 2 




for<tv>2 
where ;. = Z 



whcir <IY ŭ 2 then z, = 0, Then rj = 1. 



When */ > 2 thcn z, = £ 1 r 

Then the inicgration goes likd thi.i: 



/4-/3 




Pl2-10c ont'd 



H1 



~r A A c L 



-HĴ 




e) Start with the mole balance: 



Then divide by -4srAr and take ihe lirait as Ar apprcaches zero. 



w.=-ŭ 



c <fr 



ft-ti 



P12-10 cont'd 

Tticn find the equation for the fluic: 



&\ dr ) D 

dC A _ kr 
-r ~ 3D, 



-_tll 
' D t 3 



1^4 =~U^ 

1 A 3D_ i 



c A -c AS 


■SHiĴ) 


£--■ 


•*M 


vt-Aer^* 


^ kR 1 




D AC^ 


<t> n - L4!4 


d>>2 



eff 



SH 



This is not possibie so C A 


is going 


to firaite non 


ze^c 


everywliere. 


fc 6 


= 4 <~V=16 
UJ 16 


1 
1 ' 
j 

5 
8 









i*5*~*Sf 



Heiiice C„ - al r 

For *; ^ 6 



I 



7 = - 
,7 = 1 



r AS AcR 



For * ' > 6 



l-r^dz 



-r^i? 



-('-* 







*-*" 






a* 












!j 




B 


2 3 

phi 


4 


5 



/Z-lb 



For cylinder 



rdr{ dr ) D 



dC A ^ kr 

dr " 2D t 



_ kr 1 

' 2D t 









»)'-'] 



9,CL 



t> = L4I4 ^j 5 - 2 



*H 



This is not possible so C A wiU ncver be z 



M-0 



F12-lft conrd 






» 



Ur* 



u 




For<&/<4 






where z. = 


n = l 




For^ : >4 




f-Mb* 




71 ' -^^ 




~r A AcR+r t A ĉ R 





-T^AqR 



-Mf 



•HT 




/^,-/r 



F12-11 GlVcnl s«™d-o«fc r decompositiffli reac-don; A 4» B + 2C 
k = SqBr%a»«rfj d P =. 0.4^- u = 3ni /s; T = 250°C = 523°K- 
» - 500 fcP, = 4.936 «, ■ X = Q, SŬ; De * 26o , 104m2/$ . Eb _ 04 , 
Pb - 2 x 10* g/m* ; S* = 400 m*/_. 

Raie law: -r A = k cl 

Moie baJancc: ^uaifen ( U-65) from the kxl 

Ncglccring a^dii^ ^ ^ ^^ ^ ^^^ ^ ^ 
_C A _ /OkS.Dnl, 



■J>** S Wf- 



X._L__fGfcS A p H | 

Ca c a , r v -j t 




ImernalefTeaivefKi^ n = i-^-\ v 



- whemi = 2 



*i = Ei 



/*-/? 



P12-11 com T d 



hi^H^-^^-^CiS 1 ) 



$3 = 2.63 x iO T very large 



« 9.313 x 10 " s 



12 + J ' 2.63 x I0 7 

Intcmal-diffiBioii liirrittd: Cl = t\ = 9.313 x 10 "* 
Rcactor lctigih: 

»°*ln W-') . 



(« J «,io^.« l .A(» ri y(«f)(. u «=!) 



L = 2.80xl0' ĵ m 



a) Siart with the mole balance takcn on a shell 

%t#4i - W ^ 2 H = , ŭ . + r >, 2jrrfAr = ° 

Divitfc by -2jt1At and take the limit as ŭf &ppn?aches zero 10 ge-t: 

flr 

Ne*t find liie eouation fbr eguimolarcounterdiffusion and p!ug it into the above 
ca,uation; 



«OC-**^ 



'>/ = 



/Z-W 



El___ confd 

Next diiTerentiate to get the fo!lowi_g differential equation: 

_____ + -!___. _ K£c$£a_ - 
dr 1 r dt D t 

W& ca_ then sei the fol!owi_g; 

__..-& . r 



___E + ____E_,*B_5da__! 



-_* _ <# d, 
„>__£ + ,t__. 



3 ^___ 



■. = 
_>'_ V _ 



Solutioti: 

P*C,/,(*_:)h-C,JE;(«A) 

Bo_ndary Cortditio «s: 

? = 1@_-1 

^ = 0@„ = 
o_ 

^ = *[c,/, (*_.)- _,*,(*_)] 

/,(g)=o 

as-jzi ->0_.C 2 =0 
? = C r / (<XU) 

/ (*_) 



i\ 






/ .-*/ 



As can be seen by thts graph, all of ihe lines do not coalesce into one line, but an; 

in Tŭci ihree diffetent hnes 



1 

J 0.1 - 

1 

1 «■"'- 

9 






to« ioo iooa 


-hO 
-h1 

-h2 






Thkle modulus 



Fl2-L4 No solution will be given 
Fl2-l5 No solution wi]l be given 

F12-lf. No solution will be giveu 

F12-17 



Given: A «-> B on the walls of a cvlindrical caiaivst pore. 
Z[ m !«agth of poisoned secrion 



/A-2* 




pl2«l7 confd 

(a) In the poisoned secrion: 

W A rt i* - W A n= l^ + r^ P ŭz - 
For £, z < ii . r A = , since dtis area is paisoned- 



W*arL - W A »=1 F . 



. -dW A 



W A = -CDAB^-"XA(W A *#aj 

But W A a -W B , since, for each moie of A consnmed, one mote of A v> reacied, 

At2 = G, C a = XasC = C^s 
Ae i - EL , Ca = X A i = C A i 
Integradng: X A i = Kt,*+&! 
Atz = 0,XA-^^K, -^ 

Xa ^C" j Czs C 

C a -(C ai -Cas)(^] + Cas 

The flu* is W A ^ -C Dab ^ - -Dab ^(C Al - Cas) 

(b) Befort poisomng, T) = ■ whereT| = ŭi = Htfĵ J 

Aftcr poisoning, die differcntial equarion and boundnrv condincms aic the same for tbe 
unpoisoning region of the pore. zi < z < L if z is replaced by L - K and if we lei 

C A - Cai ai i r = and ^- = 11 z = L - l-_ . then, for the unpoisoned section of die 

caialvst pore t; appfies if is replaced by : 

tanhUtfi-f| 

P--« B -|>-fJ--"-"- -itfb 



)X-U 



eparcby 



E12dIeom*d 
The effcctivercess facior For the unpoisorted scetion of catalyst pore is defined as : 

W A = T)Hr(L.j}C A i 
This ean bc related k> the overaJl effcctivcness fector for chc c 
W A ^ nirLCj^ = Ti_trLC A . 

.*. nc^ -tic a1 (i-^.) 

But W A = - ^-(C M - Cas} ftctn pait (a) 
But W A k r* o TJ-2B r L Cas k" 



n .. + .a)[,. n . &) ^ 





M 


tanhj 


M'f)l 




+■-¥) _ 


l *f l -f) 




l+*t(V-fifr) i 


^ea.) 


onhU) 


'•i 




Oi (l - 


t) J 



M^ 



(a) 6 



The rcacrion i_ A -. ^- h% 



. C A0 <.-X) 



gmol. 



/x~**t 



£l2zl3cont'd 



£j 



Fa+f ^ ^^I^T^^^Tf^ 



-L = 1 + iFao 
>a 2 + 2F A 

^ = 2/-L 1} 



Fao : 



■£*- = _J y A 

__!*___ 2-2y A 
2-y± 2-j, A 



r, -f*oX 

a -^ «hcrc W = 4 x4Ŭg ~ 160g = O.I6kg 

* M = Afl + A! N a) 

SH -nA^ + A, _|*f. a) 

IH^-Aflfj^+A,!^ (ĵ) 




0.21 o.gg 

033 0, 

0-40 0.75 

6 0.57 0,60 1.143x10- 

VI 0.70 0.46 1.403x10- 

2 0,81 0.32 1.619x10- 



^ u »°n*(2)4nd(3}b«ome; 

17.196 -ŬAo^M.ĴĴSA, 
-39.266 - -I4.3Ĵ8 Ao + 35.313 A, 



jgjj MN 

-3-150 9.923 o. ĵ7l 

-.70S 7.33Ĵ -6.236 

-2J26 6.381 .7.404 

-2-169 4.704 .6.754 

•1-964 3.SĴ7 . 6 _ 7S4 

40 _ 3.689 -1.S21 ^,315 _ 6-7l - 

2 = TCffig -14J3.S- |gfĝ ,3^ 



/£-2f 



-"- Afl = 6.36 = in Jqj ^ ko = 573.25 

A, * 1.46 = 1.5 = a 
Al T| = 237 C = 510 K: k t = - 






M.J 



, 



RT " 0.032(510) " u -"° — 

^ 0.196(1.0.9490) ooi;g ad 
A 1~ 0.5(0.9490) °' 0iy I 



]c T = - 53 -^ — = 2,035 x 10« 

p.oisp 

2.035 xlO< = 578.25 eApF^™ 1 ^- 



8.314 ^500 5loW 



E = 7,55 * 10* - 



gmol 



(b) n^ = 2ŭ m - 1 = 2(1.5) -I = 2; seccmdonder 

En. = 2E-, = iĵ.i^IO 5 -!- 
~ mŭi 



I <fc = p. . / Je S» P» ^ao" _ / { 1 x 10 ■*)* (2.035 x 1Q*| 49 (2.3 x 10 6 ) 
* D ' V 0.23 x 10 J 



02 = UO* 10* 



n+i ^ k/' 2+I ' (l.4dl 10« 



(d) To make the catalvsi morc eftecrive. *e should usc smaHer diamerer. 



M 



i?£ 



£l2JScont'd 

lRlTo Ti ' ' 8.314 IĵOO 800// 

jjC = 2,19* 1CP2 

-r A = kC A 1:S = 2.19 x lO K [O.Oi} 1J = 2.19 x ]Q29 gitide 

r L kb a b lqm 




SlopcA = 



I 



SlopeB . 






/A-A? 



pi2«19 cont'd 

(b) Ftotji the figurc above. r CT depcnds on partjcle siic, which means si^rfacc ieactjjan raie 

does uot corool. Diffusion is ihe major resistance for partkle sizE A. 

m 50 g UU S 

ŭitercepi A = Tf, = 0.9 min. 

% gas absorprion = °^| x 100% = 12% 

% intcmal diffusion = 2 . 5-0 . 9 x ioo% = 88% 

Sinte intcmal diffusion is thc cgntroUing step, if a raore cfficienc sparger wwe used, a 
significarit tnaeasc in reacrion would nsi be obtainecL 



« (JU 




* "V x 100% - 50% 




kJ 




From the graph above, inrerccpt r u = 


1 ttŜOi 


ftfi 




f-S-) W 




UJ 




2 min h 50 i ■+■ 1 min 





X s 0.02itail or rt .»-SS|JL 

= drrr 

Thc ciinvmnrrt catalvst ehargc is 50 — ^— 
drji 3 



Ei2ja 



R ~ k b a b + ™€lk c a s + rfc] 
species i represencinĵ Hl 



/*-«* 



Eia.2ficont'd 



J 



^k lAnc Cj/R <L 

M (RmtriAlm» (gmol/ fcflaff» (dmVg) Cmm .) (£,) 



3 0.007 



0.014 ĵ.O 



0.333 0.5 12 

- 18 0-042 0.014 0.i 2.000 ĵ 

3 3 «» 0-007 l. 5 QM1 l0 5Q 



-V 




FOrnJl,h2 ^ d3 |-X plŭthasintcrcq5£=o 



(a) Tfierefon;: 






slope = 1 or k , 
(c) Forrvn4s!ope = 6 = - 



^ 



' 0. ti - l 



Tfl4s!op e = 6 ^ _j L_ 

fe Ste ' ^k 

71 * f " q = 0.33Ĵ 
9 * 



/*--*? 



ZX2t2&coni'd 



rfnr> 0-4^ (0.333) (0.667) = ĜT~T +4 




&*ŝnii ■ 3 cnin 

Resismidc of ex!emal mass - transfer ^ J- re = JUlŭl x i 5 ^™ = 75 min 
"^ 2gm dm 3 



% extcrnal mass-- - utsfer 



rc sis:ancc 



= Ŭ23. x 100% - 25% 



£1^21 rA Cr 

iEb a b m^ 1- mJcT| C„j 
Rcsisiancc due do ihe ftrsi [erm: 

Resiscance due \a ihe ifejt lerm: 



/ 



^ = 



ppd ' fifta.^(i*ifl^ " ***• 



m = O.lkg/m 1 

m^a, " 



^gj^^lO^k)^*^ ^ 



Reasiance due io the thiiti icnn: 

ĈSSiSSi ™ ~ "" CSTR -^««"«A» o. thc ,.*»<** I 



/£-Jd 



El£21com*d 
Corg. o = 2 3 fc mol/m^ 
Assmoe ihat tortuo^ _ lrĵ ^ d 

T (L5) " ^ 133 ^ 10'°^ 






r^ga5^-«»a **&**&&l 



m 3 " __ 

2.133 xio'°n£ 



* * 45,93 VT^T 

ĝ* £_ nmx 



^^ "L k g)f fO-<Ki 



it!si? m m&$* t 2&-'*> 



1 _ T2S2. .. 

Let X = 0.8( 



■ - 2367 sec 



Gathtring all the r«is_jjce tetms. ai X = 0,8< 

StcD i _ ■ 

• >. •—■■ ■ , (_Kft;.i -— 1 1;..- .; 

^j-ĵ absorpn on — ' — — - --- — 

Transpon r_ catalvs; mrfaec Ĵ00ŭ" JJ 

. : ' -- --i" : ■-■■■ ■■■ ■.-.-:: • •■■;.'■• 

^ 1 I 7w.r, 



0.04~ 

63.53 
36.43 



(b) Assume ,__ S y_tc m beĥ^&g ^ - ^ ^^ 
_>k__ *, 



fc_ »_ ro__ __ mim C A 

Ca- C ao (I-X) 

Na - C A V 



/£--?/ 



E12=21ctmt*d 

;£■ (C A V) = r A V where V is conscanc 



dC* 


C 






dl 

ŬX - 


ki, at """ mfcc a^ mkn, C A 




di 


i ■ i 






ŬK. - 


ktat, mfceŭc mtriCAjDtl- 


-X} 


0.004 



5.33 * 5000 + -1 23? 5003.33 + -l^- 
1(1-X) Y(l -XJ 



/^-J-4 



CBHĴ-A No solution will be given 

£ P p 1 3-t i No solution wiU be givcn 

£ DP '* £ Nosolutionwi!lbe g iven 

£ DF * 2 -P No solutiorr will be gi ven 

Q>P_12^E No solution wi 1 1 be gi ven 

££FJ2^F No soJution vvill be glven 

£feEl2=G 

PaiUtOisdancGrst, 



^«ai^miichlagcrihamtBsliiHidpliase 



e resisanoes asŝ dct«min«L 



/X~Jj 



CDP12-G confd 



.11. 



{l-elpp Jl-tlp,, f | . i_ 



Hk 4 a^ k> a; kc a^ r|k Corg.i 

We reed 10 evaluatt parameiers jr thc above eauaricm, Tne firsi lerm: 

k £ a, N 2-0.91E?' G E s = &|$ g 

iL 

^ = M n^L v ŭ.0224 JS^ x i^y |K = 0.5907 ^ 
s mol 2 aon 273 K « 

A, = £2± = fflrnj* c ŭ - 785fT,Z 



s Ac 0.7S5 jn? 

G , = St« s6mglx ( - 28>g xJL]^, I 
a Ac s 2moi 5000 g 0,785^ 



i£f*Sŭ 




O Cvl 41 O.l 



ar fcŭ 0.7 ar 






From ihe sraph. above: ŭE. * 65 ^ ar.0.69-^- 
AL m2 s 

Ej - (65^) (0.7526 f) = 43.919^ - i<jZ5^ 
kjfl, ■> 2 + 0.5M1025P 3 = 94.53 s" 1 



/*t^N 



CDF12-G cooE'd 

$alubility: H" - 0.001 k mai K 



RTH Q£Ŝ2n£^E x 400 Kx 0.004 -^ĉL 
kra °lK iniaan 

R _ - ^) P3 

U- 0.45) f 1600^-1 

r. = — — _J mli _ f _» *s* 

(7.62) |94.53 s-l) n£ 

Thfi sccond term: R, = t 1 ""^. 

&$ !* D L [ 16.8 -^-1 S e 1/2 | 



_ 4pLg _ [0.4 x 10 -" mf f700 kg / ftf) 2 (9_g m£gj 



?lDl (700 k|/BiJ) (7X10^^-) 

_ „_________), ___,,,___ 



a_ = -L = : r— fi 0*575 £~ 



■- Ŭ^66R_ l - li S,. ( -' 3 - (0.266K6.45) 1 -' 5 [632,65)'* * 19.5 



/a.-J-r 



f!f>F12-G COtfd 

Sh = 0.2&6R„ llS S c " 3 = <a.266H6.45) ,I M«2-65^ = 

l9 . 5 fc, . ShD, = tl9-5)(TKl0^nf/f) = ^ x ^ 



(5.41 x io- s f)|0-9375^) 



The fouith tsrrrc 



r,kQ rs 
Assume t = 1.5 . o = 0-8 
Dc-Dc^ 



wherek' * 15 x 10 









n* I0.307l(2.5xl0- 5 ^j 

Bringing togecher &» cesistancc tficms: 
Strp 



^ , / (i6Q0V(2.5 *.ur>)tu) = 9759 . n _ 1 s a307 

V (7xlOi(0.8H0.45) * 

-= 1.3 xl0 5 ^ 



Resis«ince\ 



PetCftttt 

resisance 



Bulk gas ■ gss inrerfacc 
Inrerf ace - bdk-liquid 
Bulk-liquid - caialvst surface 
Diffasion - rcaccon in pellet 



1.222 

l.&2$& x t-Ĝ 5 53.1 
3.13 x 10* 9.1 

1.3 x 1QJ 37.3 



Toal = Rt 

(a) Calcularecaialystweight; 



3,442 x 10* 



100% 



[E- 12-3-7} 



B ,5-L- = _ L_ = 3.813 xl0- 7 ^- 

H&T (7.62) (3.442 x 10*) * S S 






3.813 x 10 7 
05907 



= 6.455 x l0- 7 ks ' 



l%-3£ 



CDP12-G confd 



P = 7- 5 ft r 101-3 m 4,257 x 10 ■* 

A^Popd-^} (o.7S5ni2H2ium)(i60Okg/m^(0.6j *T — 

Substinirion yields: 

^-^ n i-fe-^4^ * 6.455x[Q^W- 4 - 257xl0 ^ W^) 
The etjuation above yieids no soJurion for W. 
(b)IfP = 'i00atm, then: 

**> - 0.5907 miuam-u umtiW ^ŭ 

e UOOaom' 5 

L1814xI0 4 ^ 



U* =" 



] .5050 x 1O; 2 m / s 



0.785 *? 

E s - (fi5^ij[i_5050xlQ-2fti/ s | = 0.9782^- = ?0 5O^ 
R = fl -0.45)n<5D01 



7.62 L2 + (0.91 ](20.50p] 
3.313 x 1Q-T 
US14* f0" z 

'iToo. 



13-10 7j~ S[liJ VtC ^ ^ 1, d0CS n ° [ ^ffeCI &T 

- 3.2275 X 10" S k^" L 



j0 ' 5}ln (r0l5l" [{ " 0J, °- 55j = ^75-X.I0^)w-Hll|Hl W l) 

W 2 = 1349 x tO 5 W + 4.907 x l(P = 

W -. 23174 kg 

The opcraong eondMon is P = 100 atm, T b 400°K 

(d) By dcfinjrinrr: -r A = . ■ •■"• - 

c a 



-^-^ = W« 



Rc, - 



r***£* 



*1b k CasJ 



A3Kj*? 



£DE12=G 



confd 



tn gencral. Cbi wil[ vary sigtiif]cantty, so ihai fc "£. ihus Cas will vary significantly. 
Hcnce, kuj witl aiso vaiy significanuy as a function of conversion. C Aj will vary 

significandy only if tiie prHsurc drop is significam. Tne Ap facior a is proporaonal 10 Sg 

all else constant (assuming turbuSenf). EcEwccn thc prcsent case and part (b). 

G/P = constant, G 2 / G l = 2/15 (because M\ = 15 , M 2 = 2) and D P2 /D Pl = 1/4 . 

so a 2 = o, (8/2.5} * 5 x 10 " s kg ' , . Assuming a liberai w = 5 x 10* kg , 

Pf - Pŭ{l-awj a 59.75 itm. Thus, C A£ is cssemiallv consiani. 

Let Ri - R s - R^ + Rq 
-r A = k C^ C Bt * -nj 

k Ca, c b , n = - — ^ — - - — ^H — r 

Thcn. C.^, 



' T\ k C B , 



- i C Bl = i 



Cbi 



: ;r-R :> kTiC 3 J " ^ Bl "[i-Rc^-c^ 

Let Qz = Rj k ^ C 3 , , Qi = Rc, kn Ca, . C; = ^- . CĤ = ^- 
C A i Cbl 



1+Qi2C 3 



i+Q=c; 



t-Q:|- 



SubsdiuangforCa : 
l+QiC; 



c; 



i + Qi + Qt c; 
C+QiC A z +chc;= i+Qic; 
Oic; 2 +(i+Q2-Qi}c;- 1 = o 

Tbis allŭws Cas to be calculated fram C A c» Cat, and coristant pararnetere k, f). Ri t Rc r 
Given Cas> -^b can bc calculaied. For an ovciall maierial balance; 

Fb 4 ^ = WCb,(1-X) 



/X-3? 



CPP12-G confd 



Wĥcre Caĵ (X) is C^ evnluaied at C M = Ca.fl - X) 

dX - 1 c a, { 1 - X) bnCAt C; „ ( 1 ■ X) «VRc T ) c; C Bll 

dW F *« Rc^knc^c^ + i q,cX + i 8t» 

dx.- _ c ^ _ Qic;{x) „ 

Let W = toial weight, co = ^- 
dX _ Cs.W Q]C;fX) 



(1 _ X) ^^.QiC; (1 . x . jX 



Qi = Rc^ C A1 ,Q_ = RjiqCB D ,Qĵ « ^^- 

n = ^frtittt - 1) *_* ra o = yic A5 H-c B$ )| 1/: 



When Ca_; » C B 5 ^ 3 becomes corrcct for p_e_dr>-r_rst-on_er kinetics in C^s- Sirnilsrlv. 
Cqs » Cas gives T| appiied K> pseudo-ftrst-oider kinedcs. in Cas- When c^s = C BS , for 
large $, this definidon of $ gives ^ ^=5 thc firsi order 1. which Ls close to che (proper) 
2nd order T[. So, our dcfintdon of e is an approxin_*tion, bui otie which is sitnple, egirecr 
in the limits, and nearlv correct b intermsiia;e behavior. Therefore, we ccusi guess T|, 
solve for C*s. C B3 , calcukte a rcvised *), and recajculaie C^s, Crs. eic This inntjduces 
two mone ditnensionjess groups. Cai . and ^- C B _. 
Numerical]y, 

R_ - 23081 1.3 kgs/m* 
Rc t « 19130 kg s/m^ 
5 = 0.5 xl0- 3 m 
D H - 7xlO'*tTJ z /s 
D^g = 2_5x 10'* m^ 
k - ^142857x10"* 



kgkmols 



fZ-Jt 



CDEUcfi coni*. 
C&, **. 2-734 bnol/mĴ 
Cai = 0,39981 kmoVmi 
F Bd = 1.53398x lQ- z kmof/$ 
t = 1.3 
<J = O.S 
£p = 0.45 

Pc = 1600 kg/m 3 

Q L = R_ : ka_(L9l.0)(9.142.57xlQ^J (0.39981 ) = 6.9927 x 10 2 

Qz = R_ kC Bŭ (23Q8lt.3}(9.142S57x 10 -*) (2.734) = 5.7695 

Q3 = k5 _ C *i t p c _ (9. 142S57 x 10 ■*} (5 x 10 *f (0,3993 1) ( 1 .5) ( 1600) 



DHCJEp 



(7xlO- 9 )(0.3)(0,4Ĵ) 



_ k5" Cb_ t p c _ (9_14_S57x 10^1(5 x 10 J F (2.734){ 1.5) (1600) 

D ctf . _l - 16.664 

""«"p (2,5 x 1Q-*)(Q.8)(0.45) 

C Bn W 



05 



(2.734) W 



^BoRci ( 1.53398 x 10 " 2 J( 1.9 130} 



(9.31S7xlO- 3 X_-t]{Wk_) 



U_ing thc constants in a comput.r nrogram co solve for W, we get W = 1 .450 kg catalvst- 
Kote ihat thc 1S450 is wmn_ due 10 compieie et__r. Also, thc D _ in Qj ___ Q 4 should bc 
swit_he__ Thus. 

kS 2 Caj t p _ 

_ ^C B ,t Pc _ , 95M 

This results in W = l4021.3Skg. [fyou_is.E_.CA_ = C^^c^ >_. c A [ocalc_-« 
_con__ui.k,,__d_olvefor W = c_„ £_■ ln ll -x) ' oti. gcts W ^ GSSSAkg; Tforie 
a_s_me_C.»C A batC A _ = 0.1927 Cai, th__ one g.ts W = 32372,4 fcg. Thesc 

rcsults show thai it i_ n-ec.ss_ry to -anstder ___ coapling. 



/X- 4& 



CDE12dE 



"*i«e 



<?41J<J7? 

?3=0i:: 



-v'"0 «. 

-134*Ma 






7B<W>*4 7 



™W = 0007143 ^ 
* 0.38xio-*m* = aiss 



A*S-V/ 



CDP12-G contd 

Yes, piug flow model is a good assumption. 
CDFU^H No sotution wjll te given 
£12E1?zI No solution will be given 

CnP12-T 

Part (b) h done flrsL 

(b) Let B = organic. Thcn ihe Liquid phasc reslstance is: 



. ! 



kc ac r|k C H ,.i 



The Rrst term: 



" Ppd, 



,p ° p yi Mb 



Jliix !0" l rill 



1500i^-){3.175.xl0- ĵ m} 



a^ = 1.260 ^si. 

Sh = 0.266 R^ L!Ĵ Sc ]/3 

„ G L d p (8kg/m^)fll 75^10- ĵ m) .._ 

"^. - — - — - = g.47 

^- 3.0xl0-Hs/ms 

|ĵx ]Q- ĵ kg/ros) 



•* c " ^ — ; ; = mjm 

PCab {*» kg/irf} 6 x 50- ll ra 2 /s 

S* = (0.266) {S,47) llS (55,555}^ - 118.45 - ^^ 



_ (nS.45)6xlQ- ]1 m 2 /s 



3.175 x 10 3 m 



Z-23SxlO-*m/s (assuming ct = 1) 



^ = [(2.233 x 10 - 4 nVs) (1.260 m^/kg)] "' - 3.5*6 x 10 5 kg s/rn* 
02 kg/m 1 s 



Thesecondfcnn: f& a -1^' 



** ~ 0.05 bgtf s 
2.8 g/gmcl 



ix-4* 



CEE12J cont s d 



PH t - (50aim}(O.SĴ) = 42.f a£m 

Ck^ = (41Ĵatin)(o.006S— EbLJ = n -Hfo S mol H? 

daPurnl ' dni 3 UqLJd 

V 6.316x10 



* = R 



A'p D 3.175 > 



6.316 x 10 * 12 






G-.rtfi 



«iaS ^ ^(0.05!)(5.7SxlO^ 

— St ™ Rcststanc 



- 3.592x10*^5/^ 



Bulk fiquid to caialvst surface 3.546 K ] 5 

Dtffijsiŭn/reacaŭn 3.392 x 10* 



3.746 x 10 6 



Ferecnr 

9.5 
90.5 



100% 



Cas phasc resistatice: -t"x J 



^LE[£e + LL^£a _L_ ^T 



— C Hl (g23) 



The fira lenn; fcg aL = 2 + o.9l e£/3 






/ft-43 



As__rangid__l g _sb_h_vJon £__ _ 50(2) _ g 

Pl " RT " 0.082 137_) ~ 32S95 _^ 

Tj s = -- = ■■ = 0.061 17 ~J 

P_ 3.2695 kg/__> **""**? ~_ 

E « - (30^)(0,06H7f) - 1.8352^ - 38.46^ 
f I? s 

V: = 2 + 0.9 1 (33.46)" = 12.37 s-i 
H=-L 



RTH . 08 2 m 1 aTm fĵ7ĵ K1 ŭJlflaaJmifiL 



^M 



H-^JPp _ (0-5) 1 1500 kg/m 3 } . 
Ht _ a i ~ (4,8Ij(l2.3?s-i) 

The second mm: ^- - i 6.S ^- s^ 

Sc _ t*_ _ '0.0031 ks.ni. 

PLD Hl - (900kg/[ _3 }(g , 10 . 9i _ :/s) - 4 30. 5 6 

G_ = ^Ph _ (3-175 x lO^mffgOOkg/n^fo.Siri/.z) ^ 

Hu (0.0031 fcg/m s)" " " " 2M ' 

te.pttig aggaa^ .iua 

^ 1 (2.6437 x lO^f ~" 

k[a, - 63.30 {Sx 10 -?} __ 5 . 064 x ! " ĵ s ___ -^ 

^ = ^--^^=^31,10^ 
* !a < Ĵ-064 x 10 - 5 s-i m 1 

Thc ihŭd tcnn; 

W = 0-266 R_'^ S _^ = 0.266(8. 47)' ■< 5 (430.56}" 1 = 23.44 



J-__E 



■ 



Ct Assuming «.= i,0 



/z~H 



rnpi2-.i coofd 

3.175 x 10* 

kc ac = (SJSĴS x 10 ^ m/a} [1.260 m^/kg. * 7-442 x 10 5 itf/kg s 

— 1=- * 1.344 x 10 4 kg 5/rt? 
tc*c 

The lasi ierm: 

! — ! „_^^_ = i dQ x io' ~ 

^ k ^t, {o.05t)(2x 10- 5 — ^—^0.07^351} i 

Gathering up thc rcsistances in gas phase: 
_Stcp Rcsisuince 



Bulfc gas - gas incerface 


12.605 


0.0 


Interface ■ bulk liquid 


1.481 x 1Ŭ 7 


51.4 


Bulk liquid - caiaivst surfacc 


1.344 x 1Ŭ 4 


0.0 


Diffusion - reacrion in peller 


1.40 x 10 7 


48.6 



Tool 2.882 x 10 7 



dW 



(a) Mole balance, plug Qow modei: - — £■ - -r a 
Ratc L^w: r H - k U | Cb 
Stoiduomcirv: Ca = Cqo(1 - Xb) 



R T 3.746 x 10* 

C no = 0.07 ^inoL 



/^^ 



^™ = ; rr^— ; — rr - 9.973 * 10 ^M 



(90G fcg/n^) (0.07^1] 
fo.07 JsesL) 



(l-X B ) 9973 x ^^tmfiL 

j.^ ; = LS74xlO- 7 dW 



2.67xlO' 7 ^dW Winkgs 



- [ J( 1 mf ] (6 m) 0.5 ( 1500 ^j - 3534 kg 



(i-x Bm »} : 






= 6.621 x 10 ■* 



This ehoice of r\ ssid k gives a racher low total conversion. Sbcc diffusion- 
rcsiscance is che larg«i by far, W coeffirienc Ls aimosc lincarin ic. 



/J-^ 



CDF13-T 



contM 






W (k$ 


Lm 


Xft 


500 


0.S5 


9.363 x 10 " 5 


LOO0 


1.70 


t.S74x 10 J 


1500 


2.55 


zĵjiiN iq j 


2000 


3.40 


3.747 x 10 J 


2500 


4.24 


4.6S4* iO" 1 


;'000 


5.09 


5.620* 10 J 


3500 


5.94 


6,557 x 10 J 
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L(dm) 

(c) For afl [hc condirions used bj chis problem. thc riiffusion into pcllet and reaction 

resistances ^cnj dorrinace for both [iquid and gas. 

At 50 arm tocai prtssure with 50% H z iti ihe ĵas fofel The equiLibrium H> solubility is 
0.2S9 gtnvlA vs Drgmic majcimunt cDnccrtcrarion of 0.07 erriol/1. Also, the molar flow raie 
of H ; is higher ;han the flow raie of organics. 

For ihese reasons, curring gss flow ra.ce couLd have no effect on thc convcraon 
providcd che same inlcr pressure is maincainecL There will saU bc a huge excess of ihe H, 
and the sysiem wfll behave as a quasi firsi-orcfer rcajction modelcd as a plug flow reactor. 
The Hi concentrarion ai all points will bc esscnriaJLv the eauiiibrium sajcuradon Bqmd 
concsncraaon. 

Ansver. N"u change tn conversion. 



/4- f? 






CO P12-K 



a) The Orcutt model agrees with Kunii-Levenspeil in believing all the bubbles 
are unifbrm throughoul die reactor and both also agree ihat transfcr froro 
bubble pha$c to emulsion phase is by two superimposed mdependenl 
mechanisms. However lhey differ ir, thal in K-L beheves that transfer from 
emulsior. and ctoud-wake is different from Orcutts belief is the same as 
bubbie 60 emulsion transfer. A disadvantage of the Orcutt model is that the 
mass transfer parameter is ovcr estimated making the model incorrect 

The Rowe and Partridge mode! assumes that bubble size ehanges as we!l as 
the velocities which K-L does not do. However due to the model thcy used, 
the cloud area gecs overestimated and does not conelate to Ŭie bed cross- 

secuonal aiea. 

The Kato and Wcn model assume* that tbc bubblc phase mcludes clouds and 
voids K-L only includes clouds. It also assumes that cach phasc is perfectly 
mixed which K-L also a-rces with- But interphase transfer uses a different 
mechanism. This modc! gives the lowest F factor, but the dense phase profile 
and outlct reactant concentrations werc over predicted. 

Solving for K^ 

K. = 0.01 + - 7 " ^ 1 l 



Then finding the conversion: 






/jM r 



CDFU-L 



{e t ) = 5.4* \^{u-uJ A =0.11 
D 3 ^ 5.3*l0 _i C/)> + 2.1 

Atabeightofy = 0.5H 
y = 30 cm. 

D a = 3.4 cm 

/- 1.15* l0 3 { fj )D;'-« = 21.7 
£/ fi = 13Mr 

4 
U B = 25.4ct>i 

b) We now mu$i find the conversion: 

*,,. 6 .77fi^f,o. S <, 

£* ~*— ^ = 0.28 

« 4 -w^(l + or) 



.... 




i 




A' ; , 


&^ 




1 




i 

7. 





Much smaller than that obtained in thc exampk. 



/A~<tt 



CDPlĥ M 



_ KJ ^ 

H - 130/1(1 -O 

^-f-ff-f 
*w, & L-3U 

Since ^ C£ T !n 

Umfl {546) UJ 1-4 
The minimum. fluidization velocity will decrease by a factor of 1 .4 (b)(b). 

CDP12-N 

Start with tbe equation For the rate law: 
-r A - OJfeC^, aL top 

Tbtn find the concentiauoiis 

____ 

C^v^A^l 7M = 2.575*10^^ 
** **KJ£ S2.06*523 « 

C^ = 0.939 * C, c - 0.939(0.961 * C^) 

Attop 

C,_. = 0.8*C„ 

Cj,, = (0.939X0.96 1)( 0.8)2.575 * 1J? 

C„ = 1.S59*10^^ 
cc 

Q = 2.2S 
Finding the rate: 

cc of bubble cc oF cat sec CC 



= 2.2« 



-r A = 3.64*10" T 



gmoi 
ec of bubbks * scc 



IZ-SĜ 



a) Assume a v f 0.6 and then fmd ^, 



I V J 



= 0.49 



p N orosky d [He eqUatiŬ " ^' *■ ***"**■ ° f the ^^* *» *™ ther « *« 



" 1 0,36^ 



Ass.me 290K _rf 760 mmHg: M - _ft_M* C p; * = 0.001204 gW. 

dp = 0,27 cm 
b) Find the diameter of the coliimn: 

A c = 314,16 ^rcr 2 

r - 10cwj 
£> = 20crci 

Find thc ma^imum and minimum diameters of the bubbles: 

<L = 0-6Ĵ2(ĵ 14. 16(1 - 2))°* - 14.9 

d M - 0.00376(8)' - 0.24 
Find thc hei_ht of the column: 

A = I3cm 



/a-jy 




0_£-_Xl contd 

c) Find u b 






Then fmd the conversio- achievcd at the hdght of thc iower. 

7S.3 = 



C PP12>F 



ii * 2[ Vl 

«_ - 2u ftl - 4„ m „ 
a) For reaetion limitauon 

. fc_^_I>_____l 



*w-**(_j 



ln TT7 = (^);"4 Vl -^ Vl 3.75 



/4 



*T* 



CDP12-F confd 

b) For mass Eransfer 



JT fa ar43p 









Xl~X) 



['■iŭt 
3.t_WiJ 4 



CDpp-0 



»-£ 


fc*p 


X 


*L ^ti *<rl *J 


a) For msss transfer: 


/ \9A»/ \fl.H-39, vD.Mft/ vfc™ 

■«^"Lftj UrJ t%J Ud 


Assume T7 S = T} 2 




W 


(f) (!) ■*■ 


■£* 







; 






/£ - #3 



Nŭw the mass transfercoefficient: 






f!__J_!___ 



b) Reaction rate limited: 

X *<_ 

. „ r 19870 / 1 1 V 

_!__-_ = 303.2 
/i, 00033 



____gt 



= O.0O33fe^, 



CHP12-R 

We First necd Ehc visco$ity and deri$ity of the gas which is said to have _r-like 
propsrties so looking up the two values al this temperature and atmospheric pressure we 
find that: 
H = 215 39*10* g/a_*s 

p-^.S^MO^g/em 1 

b) We must find t) 

ij _ ^ _ p J - 980(2 - 9.5 M0 -1 ) = 1 959.069 
We can then find e^ 

, .-( (215.39*10^ 1 (9.5*10 1 

f . = 0.586 -"tO.6)^'- U — l r p-— — ' 

9.5 * 10^)l959.069(.0i) J ^ 2"- J 



fk-S^ 



P ?F1Z-K coofd 

a) We can then findu^ 



- <°- 6 * aci > ĵ ,*1959 069*^*1 

150*215.39*10^ 1-0.648 



c) The diameLer of the bed: 

D, = \&.6cm 

d) By trial and ejner ws have ed deiermine what thc entrainment velŭciLy is: 

r]d; 1959.069*0.01- „ , 



18/i is^ajs^^^io- 5 ' 



This is not correct because the Reyaold's number ts > 0.4. 



-i^h 6 



Rc m 3,06 

This is correct becau.se 0-4 < Re < 500. 
e} Mininuim bubble diameEer: 

d M = 0,OO376(h o -mJ : = 3,24cm 



/A-f*" 









CDP12-R cont'd 

f) Maximum bubble diameten 



d^ - 0,632[4("o " «*)f 4 1 U ycm 



g) BubbJe velocirv 

Guess a bubble disuneEer of L2.7 cm. 



". = •% ~«* + (0-71)(^) V5 = 85.9™/* 



hl Ncr solulion wi!l be gĴvcn 
i) Fraction of the bed occupied by the bubble: 



^-«-/0 + ff) 



j ) Fraction f the bed occup ied bv the wake : 

a5 = 0.032 
k) Velocity of the solids: 



g__ ? _ IMMtm - ? .«w/> 

' I-S-ao" l-O.OS-0.032 



l) Velociry of the ris* in the emulsion phase: 



1.67 



m) Icfl 



■' e M . ' 0648 
B up with tht final e.qiiflŝFnn 



-$A3--05Semts 



4,(^) + 5 .S5^) = l.« 



M-^ 



£DEl2Ji confd 



P> % 



= 6,77 E f - J — =0.71 



q) K* 



r^fi-^^-^-r.-^-S 



**-n + 



k * — 



r) Find the necessary concentration to give 90% conversion 

0.9 = °^- 
0.5 



Solving ihe differential equation; 

* = 3.07* 



/■X-^7 



r pPV2-R confd 
Solve for ihe hieght: 

h = tu b = 3.07*85.9 = 263.7™ 
s) Th£ catalysL weight is then: 

f) Diameter of Lhe bubbles halfway up the reactor: 

*L __ - #*«»*•» 

J i0J = i2.9cm 
u ) No solution wiil be given 

CDPlZ-S No solution will be given 



CBP12-T 

CDP12-U 


No solution will be given 


w 


: ^ = r A => K 


Molo Balance 


Rate Law: 


'4**«£* 




_ _"H 



v * R T 
Stoichioraciiy | C A - ŭJgZL^ _ 

£ - y to * = (0.80)(0 - - 1) = -0.8 

A *\i-o.sx>'p 6 



/M -JH 



CDP12-U(confd) 

Pressure Drop ; Ŝ ?! ? A _ -& 

dW P D A ( (l- £t JD 
EvaJuate Parameters : 

Soittbilitv - 

H'- 0,0068 moJ/dm 3 



H = 



RTH ' 10-0082 *gp3 K)(0.006S^I) ' 



Intcmal Diffusion and Reaction - 



= R& 
\ D. 



i(2xiO J m 3 /kg- S )(l500kg/m s ')" 
j "(S-42xl0-'°m 2 / S ) ~ = 9 ' 476 m2> 



$ = 0.0015375 
$ 9,476 



K- 



Gas Abscrption - 

p _(I-^K 



i kg-s 



E AL * 



U - f Ctmg V 8.206 x 10* m j - atm V 373 K V 1 mol 1 - 

* U j . s A ~~~_ "A^mvAo^iiJ^ - 021 ^ 

E ( - (30 _Pa/m)(0.0212 m/s) = 0.638 kPa/s = 13.32 |£t 
t,a, =2 + 0.91(13.32)^- 7. U 5 -' 
B _ (*-0-35){l500kgW) kg , s 

(43.08)(7.11 S - L ) Z4 ~ m > 



CDP12-U (confd) 

Transport from gas- liq_id interfacc to bulk Ikjuids - 

Gd (Sk_/nr-s)(O.0O3175ni) 

^~l£'* 0.003 kg/ms ^ 8 ' 467 

g, - d p^ _ t Q °°3175 m) 3 (900 igfrfjgj m/s*) 

$ (0.003 kg/m^ =280% 

_ c _ /_ L _ (0.003 ks/m - 5 ) 

p L D L (gOOfcg/m^lO^m 2 /*) l0 '°' 
From the conelatian for organic liquids, 



^^^)^ ^^^ ^^ 



_1_L____^____ __- ^kfci 



4.915 xJO- J s" 



Resistance fnom buJk liquid to catalysl- 

I 

6 6 



R.. - 



= 1.26m 7 /kg 



p p e d. (1500 k3/m ! )(0.OOĴl?5 m) * 
Sh - 0.266Rc l "Sc" 3 = (0.266X8.467)' 1S (41 6.67) 1 * = 19.69 
_. ShD, (19.69)(Sx 10"* __.*/_) 
^^ (0003l75m) ^ ^"^ m/s 

R * = (4.96 x I0" 1 m/s)(l .26 m 2 /kg) = ° 16 x 1qS "^I 1 
TotalRcsistance; 

R T = R t + R, + R J + R_- 0.16 xI0 ! +2.32xlO 3 +2.85 + 1,2 xlO s -3.68xl0 ; 

TJse these &quations iti POLYMATH to generate the follovring program and desired 
graph: 



I 5 __s^- 



M~£& 



CDPl2-U(cont'd) 

CDPU-U Trickls 3«d 



ŭf p> /d rwj •**/*»/ Ac/ ( ! . eb , / rhj 

H*«8,0B 
R£=J r 6iES 






<i--ŭ.; 



lO^ri^H/Rt 
L=w/(l-eb|/rWA« 

"0 " 0l w f - «*o 

C5P12-P rricfcl* SBd 9MCtD , 



liSS Hiaiinua „ai ua Fi^^^^j^ 




1500 

5.65131 

0' 


s-oa 


5.651314-OB 

fi.oiou 


!!SU 


323S.2J 
5 r ff51«ie-0S 




S7313 


-■a.o^oiasasj 


-a.oaomaij 


-o.Do*ia2js< 




/*-.£/ 






CDP12-U (confd) 

(b) 

Fercentages : 
Gas Absorption = 



3.68 x]0 j 
0.16 



- = 7.74 x 10 - * = 7.74 x 10"* = 7.74 x 10^% 



1.2 

3.6: ' 
232 



Intemal diffusion and reaction - -irTz = 0326 1 = 32.61% 
3.68 



(c) Changing Lhe gas flow rate effects oniy the resistance due to gas absorption 
Since the perccnt rcsistancc of this step is so Sirudl, the totai resistance is 
essendaily thc saim; and the conveision will be virtualh/ unaffected- 

(d) Decreasing the fiow of liquid, increasing the initial piessure, and incrcasing the 
initial concentratioD of aiomaties in the fecd all causc an increase in conveisioo. 



#*-&£ 



Problem F13- 1 



No solution will be given. 



Part (a) No solution wiJI bc gjven. 

Part (b) See p 905 



The conversions of the asvrnmetnc distributions in both models are greater than tĥe 
comespondmg convcrsions in the bimodal distributions 

The averagc primarv reaetanc exit concentrations C A bar and Cpbar arc greater in both 
models for tbe asymmetric dbtribution tesults over the bimodal whercas the averag» 
product exit concentrations Ccbar, C D bar and C E bar are lower. 

The selectivities of both models are greater in the asvmmetric distribution results over 
the bimodal ones with the e*ception of S CD in the maximum mixedness model. 

Comparison of the asvmmetric distribution results with the bimodaj distribution 
resufcs for both the segregaiion and majŭmum mixedness models yield similar 
outcomes except the values are SlighUy different: 

Hence the generalisation may be made that if one model is used (segregation ox 
maximum mi*cdness) and resujts are obtaincd for the different RTTTs (a$ymmetric 
and bimodal in this ExampJe) then rhese results will b= similar for the othcr model 
Comparison between results from different RTD's is modej indepcndent. 

Part (d) 

Liauidphase, thirdorder, maximum mixedness model 

RateJaw: -rA^k.C^ 

C\ = C*o,(l~x) 

ra = -*.ŭo 3 .(l - xf 



-Jt,ĈAit s .(i-xf 



where k.C AQ 2 = 0-08 /min 



13- > 



pia-a confd 



li -ia 



Iaiti*l valiie 



d( K > /d LU - < -.08- < !-*> ~3 > " !E/ !l-f ) *xl 

llfli=:200-I 

E l = ,t.*4eSŭ<,-lB'I«i*-4-I.iBOZ*-7-;tasr3*l-}"S*«-5 

OgSSeSZ-la^.OJBOO* 
EIP-2 S4a- J'lalft-3*! .3616«- S'lffl~!- -00« 40. 69*l»m* -OlSDll 
Fl , * . «*S ta -»/ S • 1M- S-l . «02.-1 / 4- laa-4+1 . 3 S3 5»* -S / 3 ' 11« 

*J,. 0O036S652/?*l*«-2- -02BO04*laS 
FZ-- [-9. 30l69e-e"l«n*3*S ■ 02B4S«-5*1 

1-1) 
E=if ( l*m<=7*> tkentEl >*lse <£>] 
* =i£ ( !=<=-> ) tien < F 1 i else < tt 1 
EF*E/<1-?J 



tm-2-.-nr:- 



-J~. D09 41 *1-M>». 61923 



. . 0. 



• 200 



13-2d 














v«:i«bl« 




M.:,- 






Final v*lu« 


I 







500 





ZOfl 


X 







0,4*653 




0. «61431 


l.UD 


200 




200 








El 


0.163SS8 




0.163593 


0.002B72T3 


D.0280D4 


E2 





00«26 




0,D15011 


D. 000225 


0.015011 


Fl 


s 


63331 




5.5333J 


Ŭ 





rji 





9*-) 




0.997 


0.381769 


0.381769 


E 





0002 2 5 




0.023001 


0.000225 


0. 02800« 


F 


* 


597 




0.99-7 




(J 


I* 





075005 




0.D75D05 


0.0220679 


0. 02 8004 



t» J 




At z = 200 , ix. X = (exit) . conversion x = 46- 1 %■ 

The incrcase in reaction order from 2^ co Ĵ* has the effect of decreasing the exil 
conversion by 10 %. Onee the concentration of A drops belev/ 1 molMm ĵ then the rai* 
falls rapidly, and C A is not eonsumed so quickly t resulting in a smaller conversion. 



f»-Jh 



Part (e) 

Liquidphase, halforder, rnazimttm mixedness model 

Ratelaw; -™=*a" z 

C* = Go.(l-x) 



Cao 



-—k.CAO- Xt \{l-xf 



where k.C AO iy3 = 0.08 /min 



ii-a.d 
















T^rlafcU In.ir.iM ™i UE 


HaxLmM 






Finil value 
O.SSS6Ŭ3 


* 
laa 2oo 




2Ŭ-D 

0.4*11« 

2*0 










El o 
E2 o 
Fl S 


16ĴS34 
000 12 S 
BĴĴJl 




0.16353.3 
0.0150U 
5.6333« 




0. 00137211 

*.0D02JS 

Ŭ 




o.czeao* 
<i.oi5oi: 


« 

F (j 


33T 
397 




0.331 
0, 029001 




D.3S17S9 
G.DO0225 




0.3B176S 
0. 028001 


EF o 


075Ŭ3^, 




0.075003 











At z - 200 , i.e. \ = (c«t) , conversion x = 60.0 % 

The denu in reaction order from 2" 1 to 1/2 has <he effect of incrsasing the «it 
««« by 4 * I* smaller fe depcadenc y of thc rate on C A M thafwhe* C A 
JftSSr ^ ^" * e rate ° f con5l ^°" rf A <*oes not fifl as rapidlv fe 

the2 ordcrreacEionĵandhenccresnltingiiialargcrconversioD. 

Part (f) No soJution will be given. 

Part (g) No solution will be givtn. 

FWt(h) 

ftrstorder, Uquid phase, adiabatic, irreversibie, completdy segregaied. 

Design equaUon fef a batcb globule. constant volume ■ 

dX 



te-S 



ri3-2 confd 



*" ^^.« P [|(^4)]=0,ex P [^1 
and TiK) = T/>+\—^-jX = 



J30MOM _n 



Usc POLYMATH fcff X(tJ) for t = 1 10 14 mins. 



f Ttoj^ - f 


Ht) f/mial 


X(tJ) 


f/min) 




0.000 


0.000 


o.ooo 


1 


0,020 


0.132 


0.003 


2 


0.100 


0.359 


0.036 


3 


0.160 


0.799 


0.128 


4 


0.200 


0-99S 


0,199 


5 


0.160 


1.000 


0.160 


6 


0.120 


1.000 


0.I2O 


7 


0.0SO 


1.000 


o.oso 


S 


0.060 


1.000 


0.060 


5 


0.044 


1.000 


0.044 


10 


0.030 


1000 


0.030 


12 


0.012 


1.000 


0.012 


14 


0.000 


1000 


0.000 



E(t) for t = 1 K> 14 min obtained &om Example 13-1, gives X(t,T).E(t) (min ') and 
evaluating the integral : 

X ^\x{t,Ty.E{t)di givcsiieff 



The eauation of the curve X(t,T).E<t) may bc found by individuaJ polvnomial 

fitting for the rising anu falling limbŝ of the curve and hcorc tbe iategjal can be 
cvalnatcd reasonab!y accuraiely. 




lW 






11 -2h 

EguJilom; 

d[x)/d[t]-it;»<L-xl 

d [xbar | /d[t>«if (t*-*l thenf EJ 

ei=o .02*167 j»t- , a*34Sas*t-i4 

E2=.3S9 124-. **0lOJJ*C-. 00415 

.«-5*t-4 
T%J29+(J.50*X| 

t, • »> t f , „ 

13-23 

VarLabla Tnicial value 



t Njmjm, v.,1-:.; JiijLl!. - 'r. ' ■-'-■ 



0.891*14 


4 


0,951* 


o.i9«o*c 


-95. "«17 


-9S.r= 


O.iBSLJ* 


-O.00Ŭ442OĴ8 


-O.ŬOD^ 



* 0.1 J-4S53* 0.1 J.655Ĵ4 

The mean conversion Xbar, the inlegral, is estimated to be 89 %. 

The reaction is adiabatic and ejtothermic as the temperature increases to a 
maximum of 470 K once the batch conversions within the globules has reached 
100% which oocurs after only - 3 minutes. Hence, the adiabadc increase in 
temperature considerably uicreases the rate at vvhich conversion increases with 
time and hence also the final value. It is noted that the isothermal batch and mean 
conversion only reach 75% and 3S% respcctivelv after 14 minutes, much lcss ihan 
the respeetivc conversions in the adiabatic cxothermic case. 



Part (I) No soludon will be given. 

Fart (j) No soludon will be given for Example 13-8 



See Part (h) ercept : 



T(K) = To + 



*>■ 



tt-s 



PJ^confd 



EaUiausiM JSai 




The mean convemoo. 



l j O.OlJ04Sft O.OlJOiS 

Xbar, ihe integral, Ls estimated to be 25 %. 



Tae reacuon is adiabatic and endothermic as the temperature decteases to a mmimum 
I?279 K X S minutes by vvhich time the batch conversions «tbm ŭr g-obules 
h ve ^SS 41 i H.nce Z de^ase in temperatu* con.ider.bly ***** the rate 

LjSSS and mcan conversion reach 75 % and 38 % resr*ctive!v after 14 

SnutS mu^more than Z re^tive conversions m the adiabatrc endothenmc 

case. 

Partflc) 

SceE^ple S-12 for solutior, andTab! C E8-12.1 for POLVMATH eguations. 

Lett B1 =1.26 5 



To=2tM 
~ av =-0 . 011 
Dfci = -5S0v(l 
Dh2— 7LS00 
VO.ltJOO 
E3«27OO0 
EI=9SO0 
0)1=4*000 

i ! j=4.5a'=x&(!^M-- 9B '' |,[(L '' 5ŭll> ' (1/Tni 

kl-1 - 3 ■«* [ *Et/L . 9f\ M (L/30C I - LL/T) 1 1 

e»=£iO/ [l*ft«U'*'*Ll 1 

tt*ppa«UA/ (*8'»4UCP 

G-t«i*!a/ i L**L*tBu) ■UhL-kl'e«J*X2*=»u 

rLHl'*. 1 ; I 

TcMTo-Kippa-Tah/ (L*kapp*. 
Cb-t*u*feL'<=»' ( L+k3'taut 
R=Cj)ML*l4ips*|-(T-TcJ 



/*'* 



■1-2 r*i 



Ell^2cont'd 



0-021 

-s&aoo 
-nsao 
laoo 


ŭ 021 


0.021 

-ssaoo 

-71500 




- 031 
-550 00 
-71SU0 


27590 
9&00 


270 0D 
3900 


!7aoa 




27000 


•;,-j:j-.-, 


<K>0OD 


4ŭaoa 




iM0 „ 






130 






7.flJ95tfl-l(J 
O-«B50"? 

0.SSS667 
727.715 

ioi.a 


fi.?Z61Z*~0T 
l-0751Se»Ŭfl 

O.SS6SS-T 

1ZS4J* 

3Ŭ1,< 


T.OZJSIe 
0--S3BS07 
1.32*6St 
0.SS6S6T 
727. TlS 


'10 
-95 


6 . 71512«, 
1-07515«. 
1-32365.- 

0-.6S5S67 

13G*94 


O.aoĵ?fisl7 


0.2*4612 


1.12382«- 


07 


2.123*2»* 


s.asutB-n 

10327.7 


0.29S9B7 
1*6ES,3 


-SfiOŬ 
■1972.39 


14 


323-7J1 

0.2S?ja7 

-1972J5 



S^JSSSL^ rather *- *• * « is *■ »- ■* *» m« 



ss 


T 


c A 


C B 


C c 
0003 


1 


462 


0-012 


0.285 


2 


530 


0,003 


0.2O7 


0,09 


3 


677 


0-0004 


0.0025 


0.2974 



/i-> 



;■■■:■■./,::■■■■!.-. ■■ ■:.:' ■ ;.:;•: ::::■:..:■. 



Prohiem PI3 -v 



f^iM^-C" » 



^ f gg) L c„_._u) 



Using the int_gr_-ti£ factor : 



Gio 






cao i\}-F(X) 



Cao 
But E(k) ĉ(X) - dFflĵ 

gives : e L '-™ J - < '"^ 1 = &**&& = (1- F(A» 

chaoging the variabl-: from _ to t in the RHS iiitegral : 



J__ 
Cav 



\\-F(X)) 



■V 



£___ 

F(t) 



*- 1J, (l-f(l))W/ 



1-F{A)^ 
Exit concentradon is when k _ 0, F(0) = hence eqn (1) becomes : 

Ci -C«ĵ £(.)<? "'-'-ŭ 

<> 
v. r hich i. tbc same expression as for the exit _on£_.ii_ra[iyn fcf _t_ s_gr_gadon inodeK 



/--■8 



JroblHnElHc 



Part(a) 
CSTR 



^C A o n ll-X) Q V 

x as jt.c*r 1 (i~x> - 

_Ji sfc.ir.CW~ 1 

a-xr 



_t*h££-ŭ-£? 

dV ti.Cio 



forCSTK 



jx __k£*£^jflf EJt.T.CtD"" 1 



^ y ^_ X l^ X = Mil 

dv ,-dx x=x T y = y 



ia-xr • « 

N DW evaluating J \\^Xf 

j-r,-a-xr>'-o-' fePFR 

_J_c_____ _ _Jf - (i - xW n ] 

Equatins (1-Xffn0"~ 1-" 

For . < 1 ttecocvtt»» is fft-cr fbc CSTR. 



/*-* 



= r>(n~l)k.C£ 



PartCb) 

5ee CD-ROM fbr fuil length answer, 

Fbr an nth order reaction - r A = &£*. 

Tbe mariinum mbiedness model will give greater conveision as compaitd to tbe 
seErezaiion model if 

o(n - l) < 

=* n e (0,1) 

Similarb/, the segregation model wiH give greater conversion as compared to d* 
maximum mixedness model if 

n(n-l)>0 

=s> either n < om > I 

Both modeis will give the same conversion if 

n{n-l) = 

=s either a = or n = 1 

Prtb]emPJMi> Ia uianual solution) 

The rracer e*pcriment for the poor operation indicale th* initial^ «M l^ĵfS 
fa the bed, corresponding to the rapid peak in conceatrauon. After tb. £*£ 
concentration falls as tte tracer flow is bindcred by compacted pa^mg m the otwr 
parts of the bed- 

Part (a) , (b) 

The mean convemon f or RTD analvsis is X - \ ( 1 - <f '" )■£ ( dt 

C{!) 



E{t)* 



]c{t) 



}%~fo 



P13-5 cont'd 
Using E(t) data from the flow conditioos we get the fOUowing mean conversioa after 
evaJuating the above integral, 

X A vajnes for different operations 



Row condition 


ki=0.1hr l 


k2 = 2 hr" 1 


Poor operation 


0.1 


0.364 


Good operatioo 


0.4 


0.5 18 



Part (c) 

Results point to the importance of flow condition in achieviug high conveision. 



ProbJem P13-fa 
Irreversible liquid phase, halĵorder, se%Tegaiwi\ model. 

Mean con version X = $X(t).E{t)dt = Q.l 
o 

Assume a normal distributiorj for E(t) : 



By integrating for X at values of k| and inserting into the intcgral for mean 
eoDversion, along with the E(t) furiction will yield Xbar = 0,1 for some value of ki. 
This is a trial and error method ito cstimate k] , 



Usiog POLYMATH : ki = 0.0205 mol^/dm" 6 .* 



/3-// 



FlĴ-6 tOPt'd 



A{X)AUtt*1c'( 

d{stbir)/d[;). 



E=!l/(sigM"i!2l.l4)-1L/J))H*exp(-|(t- 



I rii L i j 1 tilti 



(1 




97.5607 







97.5407 


ŭ 




0.0521924 







0.0S2l«i 


0.0205 

J 

s 




0.02OS 

3 

5 


0.02DS 

3 

S 




0-0205 
3 


0.0172 


§7 


0.069S*S2 


1.S440 


*V 20 


e l,3*6O2=-20S 



Froblem F13^7_b (old manual soJution) 
Cumulalivc exit age disbribution function : F{t) = j £{f)jfl 



For a negative step 



F(0 



=H&= 



I(t) = -(1-F{t})<- 



vC{?) 



V Co 
V = 1.15 gal/min = 4,35 1/miu 



/S->Ŭ- 







ZllzlconVd 






Cumulative exjt a 


qc dislnbutJon F{1) 


Intemal age !(t) 




170 rpm 


100 rpru 


170 rf^-ris 


100 ipm 


10 


0239 


0,347 


9.51 E-03 


6,16E-03 




0,305 


0.434 


B.69^03 


7.07E-O3 




0-361 


0.457 


7.99E-03 


6.41 E-03 


30 


0.403 


0.546 


7.40E-03 


5.67E-03 


3S 


0.49« 


0.631 


6:?&£-Q3 


4,&0E-O3 


40 


0.528 


0,667 


' S.9OE-03 


4.16E-03 




0.564 


0.693 


5.45E-03 


384 E-03 


50 


0,593 


0.724 


5.08E-03 


3.45E-03 


55 


0.624 


0-752 


4.70E-03 


3.10E-O3 




0.65 


0.774 


4,36 E-03 


2.83E-03 


65 


0.671 


0.795 


4.11E-03 


2.56E-03 



Cumulative exit ago dfstribution 



o.s 




17 




0.6 




«■ 0.4 




0,3 




Ŭ2 




0.1 





Intemar age distri bulion 




Aŝ-/J 



EliiZcontM 

The tiacer fraction leaving the tank which has been in the tank for time t is always 
greater in the 100 Tpm tank that the 170 rprn ratik Cort5equeDt]y thc tracer fraction 
inside the tank which has bcen inside the tank for tnne t is aJways greater fot the 170 
rpm tank- This suggcsts tha: tbe tank operated at 100 rpm has dcad zones and tbe 

tracer bvpasses. 



Part (b) secottd order, comp!etely segregated modtl 



Baich reactor eqn for a second order reaction 
dCA 



dX _ n 
dt C*a 



= ~kC M {l-Xf 



i:a-*>" i 



l-i-Jfc.CĴo.r 
wherek.C A o = 0.05/inin 



nconversion F=ĴX(r,r);£(*)fif 





170 rpm 


lOOTpm 


rnean conversion 


0.63 


0.53 



FfUi (c) second crder, maximum mbcedness model 

dX~ C*o*l-F{Xy 
Ratelaw: -M = fc.C* s 

Ca^O>o.{\-x) 



nw 






W)-- 



CU) 



dF 

-JA=Etf) X = (S5-i 



\C{X)dA 

E(k} !s found using POLYMATH pdvncnniaf &t% 







100 ip m : Eft) - 0.04045 - O0IG2SJL + i.366c-5X z - 7,633e-sV 

170 ipm : EO.) = 0.0449 - 0.00093 U + t*Ĵ5#S& - I.6Ĵ^7X 3 + fc28 e -lQJl* 





iVOipm 


IOOijhe ~ 1 


convcraion | 


047 


0.45 



(LM,'J f ^(j».j a ,. 1Cl| , !lta „ 



. 



/5-/5- 









Part(d) 

Ai in Part (b) segregation model, second order: except adiabntic 
As in Part (c) miuimum mbcedness modei , secortd order : except adiabatk 

and T{K) = To + P^ ) X = 320 + 80X 
Frablan ¥13*$$ . 



Pari(a) 



t [min) 


C(10e-emo[) 


E(t) 


Fffl 


t.Eft) 

















1 


0.1 


0,026667 


0,013333 


0.026667 


2 


0.2 


0,053333 


0.053333 


0.106667 


3 


0.3 


0.08 


0-12 


0.24 


4 


0.4 


0.106667 


0.213333 


0.426667 


5 


0.5 


0.133333 


0.333333 


0.666667 


6 


0.45 


0.1 2 


0,46 


0.72 


7 


0.4 


0.106667 


0.573333 


0.746667 


e 


0.35 


0.093333 


0.673333 


0.746667 


9 


0.3 


o.os 


0.76 


0-72 


10 


0.25 


0.056667 


0.833333 


0,666667 


11 


0.2 


0.053333 


0.&93333 


0.5 »6667 


12 


0,15 


0.04 


0.94 


0.48 


13 


0.1 


0.026667 


0.973333 


0.346667 


14 


0.05 


0.013333 


0.993333 


0.136667 


15 








1 





intC = 
inl E(t) s 


3.75E-06 
0.9999975 


mol.s/dm3 


int t.E[t) ± 


6.666667 







/3-/r 



El_Scont'd 



E(t}andF(t)vsti 




Pfcrtflj) 



Mean resideuce pfe, _ = ĵ,. _( f) _ 667 ^ (see ^j^ 

Vŭlume V = t„ * v = 6.667 * 150 = 1000 gaL 

Piart(c) 



^-FR , second order 



47 



^h.re V - 1000 gal, i> - 150 gal/min, k.C AD = 1.2 Anin 

J__ = 12 j000 
1-X 150 

givcs X = 0.889 by iteration 



/2-/? 



Part{d) 

CSTR , secottd ortLer 



El^ficonfd 



©.(Ci*-CO = *.C* a V 
CU u 



-LO* 



where V = 1000 gal, u = 150 &ifam, k.CAD = 12^ 
givcs X = 0.703 by iteration 



Piirt(e) 

Completely segregaied 

Batch reactor eqa : 



^i = jtC* 
dX 

dx 

X^X{X)E{X)dX ; 



wbcreE(0 = Ĵf(t<= 


5)thfta(0J333/5)*t) 


else (U.j! - tu.i JJjj / 


Problu Ml-ae 




lniEUL valu. 


EoiMLiO»*! 
d(xbarl/<J(t>-E*)t 





B-iJJ [E*=.5)th=n(0.a!6666?-' 


E> = Lse(a.Z*(O.D1.3:5J3-c]> 




l«m=1.5-!: 






^ " °' fc £ . 15 






PrnbLem pl)-M 


Iue Kflifimuiii vai-J= H Ŝjagj 


vn valbe Final valiie 


C 


15 
a.9633SS * 


O.fcTOfi» 



/s-/f 



Flĵ-S confd 
Using POLYMATH gives meaii conversiOD xbar = 0,86 at t = 



I ii mia 




Part(f) 




Maiimian mixedness 




<ff r„ E(A) 
dk Cao \-F{X) 


Ratelaw: 


-r* = k.a 2 




Ca = C*o.(1-x) 




rA^-k.CAo 1 ^-!) 1 




-~- = -k.CAo V-*) 1 wbere 




dF 

-77^E{k) X = \5-t 



ivhere k.CAo =» 1 .2 /min 



where E&) = if (k >= 5) then (0-3999 - <0. 1333 / 5) * X) else ((0. 13333 / 10 ) * t) 

ProbLen] PL3-S£ 



d(KJ /ŭ<t> . (!<£_<?* ( [l-Kt-3 | j - [E-JC/U-r) f 



kCan=_,_ 
S»if(Li_ 



Htj.-_L(a._99!*.-<a..2 fi .6?*Lai_>J_L_-ij(a,g 



c _ . 1S 



K -L.Sc-D. O.LJ3.19 

Using POLYMATH gives X = 0.854 



/1-/9 



F*rt(g) 






Part (a) 



Eut k(325K) = ? aud C AŬ = t 

aod r(tf) = r0 + [^^p = 325-500* 

But k(325K) = ? and C AO = 

Problem P13-9 A 



Dcsign ecjuation 



wC«-~r = Jfc.C^C* z 



C* = C^(1-X) 
Ca = Ci><?(I-X) 



f- 



Ui 



y = S - X. d? = - dX 



f-ffeH^I-^ 



/1-3& 



1 



d-xj 



j-l = U\C*o\- 



Using the quadratic solution X = 



Substituting the values 



l + 2.k.Cso\- 



1 



l + lit.C»V 



= 1-0168 = 0832 



The conveniioft for a PFR X = 83 .2 % 



CSTR 



Design eguation 



C* = Cad(1 - X) 
Cff = Cbo(] — X) 

C*o 

x = k.a<?x\-x.?- 

Sabstituting thc values and itenttion gives: 
The conversion for a CSTR X = 66,2 % 



/£-5/ 



i 



LamitmrfIow , completdy segregated 

E(t) = for t<T/2 

s-l^/21 3 for t>T/2 

-f = V/i]= 1000 /10= 100 3= 1,67 min 



xc " =i -Eŝ^ 




-i,0flJ58»-QS» 5 

Tbe integraJ xbar gives meaa conversion = 22 % 



Part(b) 
Segregated model 



Na = WM1 - X) 



N*JZ.= k.CA.C» 2 .V 

dt 
a=Oo(l-X) 

C* = Ceo{l-X) 



&-&- 



P13>9 contM 






Similariy 



X = J X{r).£(f )<ŭ aiid E(t) from the gi ven data. 




Evaluation of the integr&t givesmean cooversion for the segregalion model 
xbar = 90 % 



Maximum mhcedness 



dX _ r* E{X) 

dX Cao l-F(X) 



-fit = Iz.Ca.C- 2 

C* = Cao.(\-x) O = Oo.(l - jc> 

m = -fc. Oo. Ocr . (1 - jt) 1 where fc = 1 0500 dm 6 / mol 2 . ; 



£= £ <*> 



t%~S3> 



p]3-»cont'd 







where E(X) = if (X >= 10) 

Ibeo (4.52e-I5 - 0.05755X + 0.10833J,- - 0,O3385?l 3 + 0.0033 8 5ĴL 4 ) e 
(0.40936 - 0.04726^ - 0.003 13SX 2 + 0.OOŬ63 1 X 3 - 2250te-5k*) 



d<n/d(t> = 


-E 












d(>: 


/d(t)= 




~2>*<<1 








l/U-F 


tt=i 


'■300 














ldll 


=0.113 
= 15-C 














El = 


<a.S2S* 


-l£>-< 


.05155* 


lajr.J- 


■:o 


.103 


13*(iai 




am*ljj. 


(.O0JJ95*[1to" 


41) 








BJ. 


.4091- 


.047Z6 


itij.ii ■: 


5031 


6" 


llam 


"2)>-< 




-([2.J504&E-5 


-(lMU-J 


)J 








E*i 


flia"*™ 


lOJthEl 


l J El)Elil 


<;:■.:■ 









/3P-/ 



£11=9 confd 




Tne exit conversion as estimated by the msuimum mkedn^s model is X = 92.7 % 



Fart(c) 



Let a = age 



o ds 

wherc E(t) is obrained bom the pojjnoma; fh in Part (1 



Si.ncc , 5 , 3c - 



/s-^sr 



Inre>isity ftmction 



P13-9 cont'd 

t _ E(X) 
l-F(A) 



Part(d) 
Segregation tnodel 



1*1 Tp T}\ *1S3 14^20 T}\ 

and 7"(K) = 7<?+ ^™^lx = 320 + 150J( 

5" = /^(0-^0)^ a*d E(t) from the gi ven data. 



Evaluatmg X(t, T> using ODE solver and then evaluatbg the integral xbar using 

polyfining gives 

ibar=:98% 



Mooutnum mixedness model 



dX 



dl Cao** l-F(X)" 



■ — --Jt.C^.(l-j) 3 
Cao 



[S-M 



wheie k(J) = Jfco.ex| 



IrKTo t)\ 13314 1,320 rJJ 

T(K) = 7b + f __^!l\ * = 320 + ifOX 



gives X = 99 % 

Problem PlMOg fold manual solution) 



Irreversibls, firsi order, long tttbular reaciar, constant volume , isothermaL 
For a PFR 



dF* _ 

dV " 



dX 

{l-X v{ 

ForX = 0.S65=> k.T = 2.0 

For laminar flow with negligible diffusion, the inuan conversion i$ given by 

Z = jX(t,r).£W= ĵx(r).£(r).<fc 

f/2 

X(t) used for batch =- 1 - c _lLi 



Thcrefore X = f (] - _-*■*■)£*& = 1 - [ ^— £<fc 

m 2f ;'t 2 - fl 



X = I-^r£_^, 



/Stf* 



713-10 COHt*d 



Integiate by parts : 



u = e Ll du = ~k- e' 'dt 






Iatcgrate again by parts : 



du^-k-e^dt 

1 



From the CRC Handbook of Physics and Chemistiy : 

l -yu y* y J y* 

where7 = 0.577 



fc 



-% ' ***** 2 ~ l 



?%-9% 



P13-10 confd 



Here y = 1 



]tl d ^Ĵ r+Hy) _ y+ __L__zL + ___Ĵ 

L t l r w - ' 2*2! 3*3! 4*4iJ 

ries is truncated ofter y 4 

/^-[«^O-j + I-l*!.]-,.,, 



Note: Series is truncated after y 



Equaŭon(])becoflne5: 



X - 1 - e tTJl + .<r* 

2 



* 2 ^, 



-{0.2 IS) 



X = ]-e~ L + .r' -0.218 
-,.£ = 1-0.218 = 0.782 

Frabicm Pl3-ir» fnirt manuaj soluticm) 
Tmbulent vdocity profile is gjven by : 



~«-BF 



Fraction of fluid between r and r + dr : — = ^- r dr u(rt 

Vo vo ' " w 

"ft> firid ECt) which is thc fraction of fluid bctween time t and t + dt, we need to relaie r 



]2x.r.u(.r\df 2.-r(™-/l—] tfr 

^^ =-— - ■%*- 



Let X = 1 - r/R => 



At r = X = l 
r = R X = 



P13-11 cont T d 

r = (l-X)R dr = -RdX 



R 1 * l 



60 tt? 
= 49 ff.i? 1 



then u(r) 



4-%f«4T 



L 49 ff.£'I 1 



„<„ = « . [,.iĵ -«(^ 



-Cr =I W* 






/i'3« 



^B 



El&ŭl conrd 



V R) 60 J? 

-f&J] 



i2 = M^\t (jSJ) 7 ]_ML 

Chccking: JE(t)dl= JE(t)dt 






49 r 
60 X 2 



49 



lwx) 

JE(t)dt = LOO 



/3-3/ 



E1£ŬI confd 
60 vo 49x.R 2 

. St T => VO = — 'M™ 

49 n.F? 60 



l*L (^lOdinfiimdm) _ 



i*> 15 %dm'/s 



d SL = . k . c , 
dt 




Ca 
Ln = -k.t 

Cao 




Cao 


» 


X=l-e~ 1J =l- 


._-** 



. 7 [ r(49Xl2.245)Tl ( !-<-"') ^ 

6 — JJ.M5 L L J 



/3-J3- 







/s-33 



Fart(a) 



ProbleTn Pl3-I2 B fŭld manuai solution) 



jC(t)di = OWSgm.sĴdm l 




Part(b) 

To find the fraction spending betwecn 230 and 270 s, use SimpsorTs rule for points 
bccween 230 and 270 s : 



J E{t)dt m —[$.14 4- 4(9.66 + 9.66) + 2(9.97) + 8.84]rlte - 3 

130 ? 

JE(r>fr = 0-382 

so 

Part (c) ^__^_^ 



P13-12 



1 r 



200 t 400 600 | 



!%-*¥ 



P13-U confd 

Part(d) 

The fraction spending less than 250 s is o.422 
Part(e) 

Mean residence timc =?&,«]* £(r)<f f = 273 s from porynomial fitting 
Part(f) 



E(t),(Mm)*2 vs time 




Partfs) 

o 1 = j(i - ufE(t)dt = ] 832 by poJynomiaJ fitting 

o 
The standard deviation = 42, S 1 s 

Partfli) 

The E(t) graph demonstrates good symrrjetry about the mean time t w = 260 s. The 
modd suggcsted the reactor is a pJug f]ow reaetor with t = 250 s. 

Part(I) 

For segmgation modej ; X = j X(t)E(t)dt 



% 



is-ir 



P2JĴ-12 confd 

For fim order X{t) = 1 - e*" with k = 001 15 /s 

Givesxbar = 94.5% 

Part 0) 

For secood order reaction : — - -k.C 2 => -— + — - -&* 
di C Co 



C Cŭ 






Co 



l + k.C&i 

1 



1 + LCo.t 
k.Co.c 



] + k.Ca.i 



X = k.Co\ 



m 



[V + k.Co.t 

whete Co = 0.01 mol/dm 1 k = 1055/60 = 0.1758 mol/dm J s 
givesxbar = 0.313 



PraMem P13-13n 

The clementarv gas phase reaction : A + B -> C in a CSTR 

F c = 20 kg/s ; V = 1 m 3 ; C AO = 0,4 mol/dm J ; Uo * 10 dm ĵ /s ; 

kd = 0.06/s; k = 003 dm 6 /mo].s.g ; t c = 200/20 = 10 s 



/1-3* 












Part{a) 



P13-T3 



Mean acci vity e^isiting in the njactor : a = 7 a{t), E(t) dt 

o 

rlTTŭl '~io]i7oo67'* 



t 


l + 0.06r 





1 


5 


0,467 


10 


0229 


15 


0.117 


20 


0.0615 


25 


0.0328 


30 


0.0178 


35 


0.0097 


40 


0.0054 


45 


O0030 


50 


0.0017 


55 


0.00095 


60 


0,00054 


65 


0.00031 



Ude SimpsoD^ rule to e valuate the integra] ; a m &£ = Q 6922 

10 

Part{b) 

TT* actuaj value of n,™ activit^ can fc calculated using population baW 



/1 M^ 



P13-13 cont T d 



P*rt(c) 



Assuming nucromixmg : W = — 

or vo.X = k.ao- Q~- X) \ a.W 
{\ + £.Xf 



t^-0.5 
Cbeckjng units : d-O/Vs = _jn*/nii>Ls.g x moLg/dm 3 

<J_3*/* = dnj 3 /s OK 






„ _ (Q.03).(P.04).q-Xf (0.6922). (2jc10^> 



eq_(l) 



X = 16.613 (1 X) , =* X « 0JJ7 ' 
(1-0.5X)* 



Fartfd) 

Assuming segreg-Uotl model : 



J^^ Jl^ 

W dt W dt (l + £.Xf 



W dt 



(l + e.X) 2 'l + ki.t 



} (1-Xf dX LCa*W T g. k , 

— —r — = Ln(l + kd. r) 

{(l + E.Xf dt kt.Vo 



(1-X) ks.Vo 



-0.5£ji(]-*) + 0.25X + - = 4 Ln( 1 - 0.060 



/_-S? 



F13-13 cont* 

Do it numericalĴv. 

Part(e) 

X = 0.75 Use eqo { 1 ) where W is untoown : 



(10X0-75) 
W = 56A32g 



(0.03).(D.Q4).(l - <0.75)f (Q.6922).(HQ 
<1-O.5(0.75)) 2 



Part(f) 
x = 2s 



2 J 1 + 0,06* 2{ 



t 


f(t) 





] 


1 


0.5722 


2 


0.3285 


3 


0.1891 


4 


0.1091 


5 


0.06314 






6 


0.03661 


7 


0.02127 


S 


0.01238 


9 


0.00721 


10 


0.00421 



Use Simpson^s rulc to cvaluate tbe integral : 



(0.0Ĵ).(0.04).(1 - X) ; {0.89S2).(2jc10 j ) 
(1-052? 



/*>-3? 



F13-13 confd 



a-o.5xf 



Part(g) 

For first order decay ; 






docs not change very much. 



da 

— = -kd.a 

dt 



j s lj^V' E A = - 



4K>}' 



- = 0.625 



10X = 



X = 1S 



1 + fc.it 1 + (0.06). (10) 

(0.03).(0.04)(1 - X)\0.625).(2 *10*) 



(l-0.5iQ 2 



d-yr 



(l-0.5X) 2 

X = 0,86 

{0.03ĵ.(0.04).(l - 0.75j 2 (0625).(TV) 



(10X0.75) 
W = 62,5QO£ 



(1 - 0.5(a75)) 3 



izV* 



Problem P13-T4 




Part (a) 



Uquidphase t segregalipn model, secondorder, non ideal GSTR, adiabadc 
X = fX(t,DE(t}dt = 0.67 



E(t) = ~ 



jc(l)d: 



but jCiOdt^tmg.nuti/dm* 



E(t) * IF (t £ 1) THEN (t) ELSE ( IF (t > 2 ) THEN (0) ELSE 



(2-0) 



For a batch globule : Cto— = -n 
dt 



Ca = CasO - X) 

dX 



di 



^k.Gi a .(\-X? 



where C A o = 2 mol / dm" 
k(T) = 0.5, ex| 



I&ĵhUoo rjj 



T - To H- 



P13-14 confd 

-A/Jra:-X 
Cpj + ACp.X 

Cps = SBiCpJ = Cpa + = 50 J/moLK 
ACp = 1/2 Cpb - Cpa = 100/2 - 5& = 



T = 300 + 150X 
Iterate with Ea, using the ODE solver for values of X(t,T) and sub&titute these into the 
polvnomial regression to evaluate the integral X = j X(r, T)>E(f)di = 0.67 
When Uie evaluated integral xbar = 0-67 thert thc Ea is correct, 






Ea=lflOOD 

Sc» r 5"**f>< (Ea/B.JHJ *H 1/300) -Ll/TSl 

E» i f i"t<-l ) Etotn ( EL S *U= ( E2 > 

>=, - b. t f = g 




4!. 4316« S.HGB3 

0-W O.W 

0,77*1 D.JB"?05 

fi,eĵiĉ 



/i 



.& 



I 



P13-T4 confd 




An actjvation ene f gy Ea of 



ttaceura^ bes in tĥe polvnomial fit acd bet.ce the i ntegna ^ 

P_rt(b) 

Parallel reactions. isorhermat, segregation modei 

batcb globules 

-C* 

— - - M _ r „ + m = -k iA CA 3 -fceO£J 





— -'•= fif » -tttl + ^j - ^^2 


-ijiCCa 








cxit cŭDcentradHns 


</C*_r ^ 

— = C_E(0 





= CcffO 



E (0-!F(c £ I)THEH(,)ELSE(IF( t >2)THEN f 0)ELSE(2-«)} 



/$-*£ 



P13-14 


tonfd 








- - r. Cflbar 

&electivjty S = ■ ( = 

Cdar 


238) 






eradon with k^c undl S = 2.38 gjves fc 2C = 0.3755 dm 3 /mol.miii 


KMifclm Bll-H(b) 








Rjistiimi; 






Initial valua 


d(Ca) /d< t>- [ -kiŭ" <Ca~2j 1 * ( k2 A*C* *Cb) 






2 


d(Cb>/d(U«(fcla*[Ca*2>)-fk2«*Ca*Cbh 









d(Ce)/d(tJ=k2a*Ca*Cb 









d (Cabar J /d ( r > =Ca*)S 









d(Cbbar] /dJtJ =Cb*E 






o 


diCtba*]/d(t>=CG*E 









kU=Q,S 








kl>»0.37S5 








^if(t^l}tŭ»n(tj4;l»t(il(t>«!fth«l(a)« 


Ls*(2-t;)) 






&-Cbbar / [Cc±w;~0 .000001) 








c * = D - *f ■ 1 








Piobl™ Pll-li(b> 








Variable Initiŭl viIue HaxiwLin v? 


XUn Hiniraum 


■>*!.■■;>. 


Final vcJue 


t 4 







1 


Ca 2 2 


1 . 32733 




1.327S3 


Cb 0,672165 


D 







672165 


"Cc 1 


toss 


D 




1 


1095 


Cabof 1 


5B2S6 


D 




1 


5 §256 


Cbbar C 


417439 










«7439 


Ccbar 


17537* 










1T&371 


kla . i 


2 


0.2 







2 


k2« 0.3755 


17SS 


0.37SS 




D 


Ĵ7SS 




&-¥¥ 



. 



Problem FT3~1fĥ, 
Muhipk parallel reaclions, isothermul 
E(t) =, 0,0279693 - 0.OO0SĴ27 1 + 1 ,277S e -5 t 2 - 1 .0661,-7 t 3 * 4.5747e-I0 1 - 7.73 108M3 , 5 

Part{a) 

— = -Jfci. Cv Cs ! - fe. Ŭ. C, -ijt*. Cc Cx^ 

dCs 

— = -UttuO. tV - 0.75jti. Q. C* - jtj, Cs. Cc 1 

fifCc 

— = to.Gt Cjt* - 2* 3 . Cĉ*. G - fc. Cc. Ci*° 

^Cp 

— = LSfti.ŭ, C* 2 + L5*i. Gi. C* + kt. Cc C, J ' 3 



— - = 2*3. Cc 1 


c* 






— = a.EU) 




— «$sg 




dĈ~ D 






di 


'^c» 




*, Cd 
C* 


Cf 



Cc.E(i) 



Cf.BH) 



t±-</r 






F13-16 



Feoblts PU-ie 

d(Ca) /dft) = f-fcl*Ca- JCb"2 ) } -{k2*Ca*C&) - 1 (2/Ĵl *M 



d{Cb>/d{t)..f-l.2 



l . JS*kl 'Ca* {Cb" 2 > S - (0 . 75 *ltl *Ca*Cb> H W *£ 

d(Cc> /d{t) = lkl*Ca* (Cb~2 ) ) - (2**3 *Cb' 1Cc"2> 1 -fk**Ce* (Ci 

*>]> 
d!Cd) /d{e) = [1 . 5*ki*Ca* (Cb"2) > * (1 . 5*fc2*Ca*Cb> + IkfCc' ( 

2/J)>) 

d.[Ce) /d (t) = [0 .5*k2*Ca*Cb> « 1 (5/6) *k4 ■(»■ (Ca* [2/U ) ) 

d(Cf ) /d (t] = [2*kJ*Cb* 1CC2 ) 1 

a(Cab*r)/d(t)=E-Ca 

a<Cbbar)/d(t)=S*Cb 

dicubarJ /d(t)=E"Cc 

dlCdbarl /tKu-fi'C<J 

d (Cabar ( /d 1 t 1 Hfi *c« 

d[C£bart/dlcl«£*Cf 

ha-S 

k3 = LO 

E=a.O27BSSJ-(3.0O0eS27J5»t) + [[1.2.T7S«.-5>*(t"2) >-((!. 
-7) * {e"3> } + ( H . 5T47»-10] ' (t"4) ) -( (7 .731060-13] * (c 
Scd=C=bar/ (Cdbar +0.000000001.] 
Sds=CdbM/ (C=bax* D . 0OOO0 000 L 1 
Sei^ebar/ (Cfb*x J -0 . DOOOOO0 L ) 
c ~ 0j S £ - 100 



valvB Pinal valve 



05 





02175JJ 





0217 543 


05 


i 


7211 


- IJD 


l.T211e-0S 


00C*LS2?3 









1.422274-1* 


0423836 


1? 






O 


D422E36 


D141226 


D 






O 


0141226 


49*S7e-07 


O 






| 


494S7e-0T 


026JS7S 












026Ĵ67» 


00825231 












00 82 62 11 


S5*J2e-05 









6 


SS432e-05 


0355547 









e 


0355547 


011816$ 












OI1B1S6 


1S583*-0T 


e 






4 


155=3^-07 



10 

O.027<)693 

0.0703057 

3.3S056 

S0657L 



/&-f£ 



F13-16 



Exit oonceiitratioiis : 
Ca = D.026fnol f dm y 

o = ooos 

Ĉ~c = 6355e-5 
Ĉd = 0.036 
Ce = 0,012 
Ĉf = 4A56ĉ-7 



Selectivities 

Sa> = 0.00196 
Soe = 1009 
fe = 28433 



Part(b) 

Maximum mixedness modet 

BX> tt 0.0279693 - 0.0008527*. + 1.277S6-5ĴL 1 - I O661o7*. 3 + 4.5747e-I<a 4 - 7.73 (OSel 3X* 
and J. = lf - i, whe-re z = t, t, = 200 min (cjitcnt of E(i)>. 



* C * {(r 

and t A = [ -fe 



CV.<) 



g(4 



i-TOj 



C*. C» 1 - JEi D. C* ki.Cc.Cj? 1 



and so on for the other species. 
«fe 

Pnoblnu Pll-IG 
E<iuotit.-iii: 

a(i| = [[-kI*Ca' 
2/3>])]-[{Ca-Cao 

Ce*2])]-(LCfc-Cbo! 

/J>S])-<Cc*E/C 



gives F(A,) 



fCS-Z i, J - [li2»C4*Cb] - [ (2/3 i "Sc4'Cc [c=T ( 
*E/ (1-F) ) 

l*ca" <ch-2) ) -] D . TS"kl'Ca*cbt - <kĴ "Cb* < 

*E/(1-F)S 
:&"2 H - (2-kĵ "Cb" JCC-lh ) - ]k**CC* (C4- (2 



JlCd. /<l(t|=[{l.S*lt: 
<2/3])>]-[Cd*B/ 

<UC*)A*<iJ-{{a>5.*k2' 

E/(l-F>) 

d(cf ) /d(=] - ( [ z*kJ*cb* (Cc' 

1(3 = 10 



'Ca"Cbl + ( [5/6! 'kA *cc* (Ca- 11/1) ) [ 

(Ci-E/a-p)] 



m-fy 




P13-I6 






Hta*20Q-z 

grf^cfi/ [ca*o . ooooooooou 

Sdr=Cd/ (Ce*0 . 000000001) 

sef-c*/ [C£*a .oaaDoaaaoi) 

EnO .!!?))■ (0 .000852735*14«! + { n.zme^i ■ tian-s O-t (i.'*fi« 
i * !lŭm~3 S t+ S 14. 5747c-10) • ( iam*4) }- [ (7 .73106«-1J) ■ ( 






20* 


a 


200 


o.os 


o.os 


0.D2SZ434 


0,0262525 


O.Ub 





05 


0.0O«9D60i 


0.0101373 








D00Ĵ1B211 





2.92S7E-05 


0.999S9 


D 


99999 


-0.00157133 


-0,00157111 








0Ĵ5635 





0.0326212 








0116111 


D 


D. 010 85 91 





2 


10S43e-O7 


D 


7.9*503i>-aJ 



0.05 


D.05 


a.os 


0.05 


c.ar, 


0.05 


o.as 


O.Zb 


200 


200 


D 








0.0736S«7 





0,00069717« 



Exit selectivit^ : 



Ca = 0.028™; / dm J 
= 0.010 
Cc = 2.927* -5 
CĴ> = 0.033 
Cf = 0.01 ] 
= 7.985 e -9 



Selectivites : 

Sa> = O.00O9 
5m = 3.004 
Sbf = 1343110 



Part (t) 
Ideal CSTR 



t m = T and £(/) = 



/3 



■** 



. 



? P-16 contNi 

aJaoces : 

^l = Fav - *_„) wber ŭ ^ = -*.. (X Ci 7 - kx. C*.C» --k*. Cc.CS' 
dt 3 



Fao = ^ao-^o = 005 * 10 = 0.5 moL/min = Fbo 



aud so on for the other species. 



Cro = Cac + Cm = 0.05 + 0-05 = 0.1 



Fr = F- + J» +Fc+ Fn+ Fe +F/ 



dtFa) /d(e) =o . 5+ ( [-_*c_* (_>-2) ) - < J_*c_-cb) 

C_-t./3>l)> 
<HM)/d<*Jij.(2-*3*Cb*W»211) 
_[Fb)/d(U-0.5*([-l.iS*.a'C,i*<_.--))-<0.75*kl 

_>* [C-"2] ) ) 
d(Pe) /d(t}=| (_*Ca*1C_--l )-<2*]-*Cb* 

/i))j> 
_(F_h/-tu-iU,5*ki-C-*tc_-2) >»<i- 5*: 

d<Fe>/d[t) = HD.5')_'»*Cb] + l(5/i5)*k**C-*ICa-t 
K2a_ 



k.-_. 

E-0 . __5"-_53- (0 . 00 08 5173 5 *t] + [< 1 ._77B*-5> * (t~2 H - < (1 
-7) * ( _*_] ) +1 (41 . 5-47--1,"} * [-"4) ) - 1 (7 . 7J_0_e-13) ■ 1 
C__.-0.0_ 
ClW-0.0_ 

Ft*Fa+.-+F_-+F<i+Fe-Ff 
Ca-0.1*F_/Ft 
C_-0.1*F_)/F_ 
Cu=0 . 1*F_/Fc 
j-.i-Fd/Ft 
J.l-Fe/.t 



■g_*Cbt-[l_* 0-5 
,'C.MC»"!- 



■__-_._ 
C"="-l 

Cf=0.1 



,f (t-d) tb__ICc/ tC3»Q . 00001) t ___-tC-/Cd} 
.f [■**_) thentcd/ tce*0 .00001) > tlse [ Cd/C-> 
.£ [ c<ll tb_nfCe/ (C£*0 .00001) ) -1=- [Ce/Cf ) 



/i>-*t 



Proble» Pl3-ie 



P13-16 



99.1967 
«,07003 n-07 
Sa. 51.59 



j^mn fLŭAl valug 



99,39S7 

e.o?o«jfl-tn 



017 9 69 J 


0.0379693 





00031974 


fl. *0<J2 1.974 


05 


0,05 





05 


0.05 


05 


o.os 





Ob 


0.05 




20«. 17* 


1 




200.176 


05 


0.05 


D 


D*96S*7 


0.0496547 


05 


0.05 





0O2H7 


0.0491147 




5.«30iJc-O5 







S.*3i93*-0S 




0.00082*763 







«.»00926763 




0.OO0347393 


s 




O.00O247J93 




3.O32JS«-10 







J.0J2J5C-1D 




O.D7L93SS 







0.0&SS049 




3. 36287 


::■ 




3.JH9 




4-990i2e*OS 







Ŭ15M4 



Eĵiit concentrations : 

a = 0.050mo'/itoi J 
Ca = 0.<M9 
Cc=5.me-5 
Ca = 0.0O0S 
Ce = 0,0002 
= 3.03* -10 



Selectivites : 

Scd = 0.068 
Soe b 3342 
Ĵ£f = $15844 



t ra = t and RTD fiiDctioii E(t) = 5 (t - T) 
dF* 



dV 



--{-rx) 



and so on for the othcr spceies. 



/3-_ro 



Ft 



nizu conVd 



Cto^Cio* Cso = 0.05 + 0.O5 * 0.1 



a<F*) /d;vj =rla*r2ji*2. rfc;/;1 
d ( FbJ /p. m .! , 2S , t ^ +0 _ 7S , t 

<*<?=> 'd(lT..- r l.+ 2 . rtl> ^ 4c 

Ft-*a+Pb*-t+F,j*F=*F£ 

r3 **- J '*"!^/pt)-[Pb/rt) 
^s^. l75MPc , PtJ , fFa/ptrc2/ 

Cb-Oa-Fh/Ft 
Ct-» L i-Fe /Fc 
Cd-O.l-Fd/FE 
C*-0.i-F=/Ft 
«-O-l-FiVFt 

s«»ce/(ta*o,aa on , 

S3 -<d/((r~+~.a a0D1! 

v n - a - v 

f = 10 



*H2 gijiinium imk. p inal tal , 



0.5 

o.aei2fi45 


M7<U3«~M 
0-07ies=5 


S-7S 





0-22256? 





1-0992 


1 


-S.767e-os 


-s 


-2. «75~ e . a 


■2 


-0 


O-S545.04 


-Ŭ 


-D.moaĵ 


O.0S 
O-0O7TS971 


i-S7376.t-.09 

D.oassisaa 


B.0S82381 







AŜ^7 



Eliili contM 

D.O302S0JL 

O.D4«T14)9 

0. 366108 

7.01231 

3.HJ22E D 



J.O2D2S01 
9,00111-139 
D . 00*04613 
J. 363 11 






£jdt concentiations : 














Selectivites : 




CA = 3.98e-9mo/yim J 








= 00065 






Sa> = 0.004 




C<? = 0.000277 






Sm=* 3.368 




Ca = 0.068 






Sef = 4286 




Ce = 0.0202 










Cf = 0.0047 










Segiegation 


Maxixmum JV 


CSTR 


PFR 


Sto = 0.00196 


Scu - 


= 0.0009 


Scc = 0.068 


Scd = 0.004 


5w = 3.009 


Sde - 


= 3.004 


So£ = 3.342 


So£ = 3.368 


S& = 28433 


Snf - 


= 1343110 Sef = 815844 


Ssr = 4.286 



Sef for the PFR is very much smallcr than for the others, becausc C F is not so smalJai 
the exit of the PFR iti turn due to exit Cc » not so smail either. The conversion of C A 
in the PFR is viitually complete at the exic of thc PFR, hfiiice gieater Cc- 



f$,~tfh 



EHil* c<mt'd 



Part(d) 




E(t) = IF (i £ 10) THEN (0.01 t) ELSE ( IF (t > 20) THEN ( ) ELSE ( 0.2 - 0.0 lt» 



Masimum M 



CSTR 



irFk 



Segregation 

Scd m 0.004 
Soe = 3368 
Sef = 4286 

For tfTse^garion and maximŭm mtatdra models, S^ h much lower than for the 

CSTR buutill fir greater than for d» PFR. 11* CS1R and PFR vatues ar, unchanged 

as ihey do not depend on E(t). 



Sco = 0.004 Sa> - 0.0035 

Sd£ = 3109 Sde = 3.106 

5* = 24078 &r = 41503 



Scd = 0068 

jfe = 3.342 
Sef =815844 



Frobteiti P13-17 B 



Multiple paralkt reaciions, isothermai 

Asymmetric RTD : E = IF ( t £ 1.26 )THEN (El )ELSE(E2) 

E\ = - 2.104t* + 4. 167[ J - 1.5961* - 0.353t - 0-004 

E2 = - 2.l04t 4 + 17.037: 1 - 50.247r + 62.964t - 27.402 



kDj = 0.25 dm /moL\min, k^ = 0. 1 dnv /mol.min. 



feftj = 5.0 dm /mor.miii 



!■%-*> 



P13-17 confd 



Part (a> 
Segregaied modei 



- = ~2*Dt. C*. Cs 1 - kf%. Cs. Cc 2 



- - fcoi. Ca.Cb* + ksi. Ca.Cd - 2jtP5.Cij.Cc 1 



■ — = *bi.Cl C* 2 - 2h2. C*.a> * An Ck Cc 2 



ir 






££.«WK0 ^=a.£co 



di 

dĈr 



= Cf.E(i) 



Ce 



/l-5</ 



P13-17 confd 

Problem P13-17 

d (Ca) /d ( t ) = ( -kdl *Ca* (Cb-2 ) ) - ( 3 *ke2 *Ca*Cd> 

d(Cb) /d(t) =- (2*kdl*Ca* (Cb-2) ) -Ocf3*Cb*(Cc*2) ) 

d(Cd)/d(t>«{kdl-Ca-(Cb~2))-(2*)ce2*Ca*Cd)*(kf3*Cb*(Cc*2)) 



d(Ce)/d(t)= 




ke2*Ca*Cd)-(2 


*kf3*Cb*(Cc-2)) 





d(Ce)/d(t)« 


ke2*Ca*Cd 








d(Cabar)/d(t)=Ca*E 






le-OS 


d(Cf)/d(t)= 


kf3*Cb*(Cc-2> 






Q 


d(Cbbar)/d( 


t)=Cb»E 






le-05 


d(Ccbar)/d( 


t)=Cc*E 








d(Cdbar)/d( 


t)=Cd*E 






le-OS 


d(Cebar)/d(t)»Ce-E 






le-05 


d(Cfbar)/d( 


t) =Cf *E 






le-05 


kdl»0.2S 










ke2=0.1 










kf3=5 










E2»(-2.104* 


(t-4))*(17.037*(t' 


*3))-(S0.247* 


(t-2))t-(62.964*< 




t))-27.4 










Bl»{-2.104* 


<t-4))*<4.167«(t-* 


!))-{!. S96*(t' 


•2))*(0.3S3*(t>) 




Scd-Ccbar/Cdbar 








SdeaCdbar/Cebar 








Sef=Cebar/cfbar 








E=if(t<»1.26)then(El)else(E2) 








'o " °- -, 


! » 2.416 








Problem Pl 


3-17 








Variable 


Initial value Kaximum value KisiM» «i.„ 


t Pinal value 


e 





2.416 





2.416 


Ca 


1.5 


1.5 


0.S79486 


0.579486 


Cb 


2 


2 


0.511616 


0.511616 


Cd 





0.674325 





0.67432S 


Cc 





0.197054 





0.135425 


Ce 





0.106456 





0.106456 


Cabar 


le-OS 


0.818879 


-2.17501e-05 


0.818879 


Cf 





0.286089 





0.286089 


Cbbar 


le-05 


0.767019 


-3.22628e-05 


0.767019 


Ccbar 


le-OS 


0.162601 


9.8937Se-06 


0.162801 


Cdbar 


le-OS 


0.59962 


9.89383e-06 


0.59962 


Cebar 


le-OS 


0.0529211 


9.99996e-06 


0.0529211 


Cfbar 


le-OS 


0.198S27 


9.99999e-06 


0.198S27 


kdl 


0.2S 


0.2S 


0.2S 


0.25 


ke2 


0.1 


0.1 


0.1 




kf3 


5 


5 


S 


S 


E2 
El 
Scd 
Sde 
Sef 
E 


-27.402 


0.9S674 


-27.402 


-3.135e-0S 


-0.004 


0.958623 


-21.3885 


-21.3885 


1 


1 


0.271507 


0.271507 


1 


46.651 


0.989386 


11.3304 


1 


1 


0.154929 


0.266S68 


-0.004 


0.958623 


-0.004 


-3.13Se-0S 



/3-s*~ 



Selectivŭies : 

Scd = 0.272 

Sm = i mo 

Ss? = 0.267 



Eiit concdntrations : 

C~A^0Z\9moUdm y 

Ĉ3 = 0.767 

Cc - 0.163 

Ĉd = 0.600 

Ĉe = O053 

ĈV - 0.199 

Part(b) 

Maximum mixedmss model 

As the RTD is asymmetric we can use tht: same equations for E(l) as wc did for E(t), 
with: Ea) = TF(^^].26)THEN(El)ELSE(E2^ 



F<A} 



* A l 1-/U)J 

The same applies to the equations for the ottier species as in Pan (a). 



U /fl(u » r < -fcdi-ca* [Cb*ij ) - (j- 



-((C»-< 



s/-: 



d{Cb) rt(t] m< -{2*kdl'Ca* (Cb-3 j > - [kf J-Cb* <CC*2> H - I <Cb-C») 

*B/<1-F>) 
*i0at /dltl - [ ntdl*Ca*{Cb"2! t - (2*K,=2-C5'Cd> * (k£3 -Cb- <Cc-2) ) 

>-((Cd-c<Jŭ)*e/[i-r)> 

d(F)/d[t]«-E 

d(oc) /<j.(uh (ml*c*- ccb-2 f ) * (k C 2-ca*cdi - (2 -« i*cs* fcs-e*2:> j 

}-( ICC-CC(?>*£/(1-F>) 
(3 [Ce) /d(t) = (k-jJ-ca*Cfl| - [ fCe-Ceo! *E/ [ J.-FI ) 
<lfCf> /d[t) = (fcf ĵ *On* (Cc*2 J ) - ( («-«(.) *E/ (1-F) > 
fcdL=0.2S 
t*=2 = 0.1 
C40-1.S 



/3-5C 



P13-17 



Cco 


■0 






C«V 


■a 






sttt=c*j 


cf+ 


.00001] 


Sed=Ccy 


cd+ 


.00001) 


Sda 


CAi 


Ce+ 


.odooij 


lan 


2.4 


6-. 




E2= 


-2- 


04' 


lanMlt + d 




»54 


(]« 


i: 21.402 


£1- 


-2. 




i.aa.~i)}*tt 




■a 




0.004 


E»i 


[lAl 


-==1 


26)ttrat'S 


*0 " 


0, 


t 


. 2 4iB 


Pratalem 


L-Li 


V) 


Var 


ijjbi 




luitiil 



'(lam-M] >-(5Q.J47+[lan 



4.16T(la»"3j)-(1.59«><lM»-i) 



iTiir i.ij v 


lict Kiirirmini valuc 






LBiL VftlUĈ 



l.S 


2.416 
1.5 






0.64667« 


; 


B4S57Ŭ 


2 


i 




0.424205 


g 


B2«0S 


o 


0.576213 







o 


jtsj:j 


0.999 


O.J99 




0. 00312 19 J 


:: 


003ĴZ1H 






o.isjsia 
a.os3s42j 









Ŭ 

a 


1S173S 
05JS424 
I9J001 


0.25 


0.1 
1.5 




0.1S 



1 


2S 

1 

5 



£xit coocentnitions : 

C* = 0.824 
Cr = 0162 

Q> = 0.576 
Cs = 0054 
Cf = 0.192 



D.95ST4 
D.SSSŜSJ 
3.9'^.vH 



-27.402 
-21.3BS5 
-0.004 



Seleclivities : 

Sa> = 0.281 
Jĥs = 10.7 
S& = 0.280 



0. 29S«2 
0.200633 
16,6999 



/5- S^ 



F13-17 ccnfd 



**rt(c> 
Ideal CSTR 



t^^T and E{T) = 



* ito = u 

aad so on for the otber spcties. 

a PL3-1T 



d(C*J/d(ti = <■«;■ 


(Gao-Co) > 


* 1 ( -fcdl*Ca* (C&-2) > - (ĵ*fc*2 T»*Cd) ) L . 5 


;.• d[Cb)/d(!:) = fvo. 


(Ct»-Cb> h 


*-4-C2*Mt*Ĉa*[ĉV2))-Utf3TQC{e«'! 2 


1 > } J 


(Cda-cdj ) 


* t {Mi-e«nefc-2 > i - ta*jt«-f*ck«tsjj » j o 


leH"Cb*|Ct*3 


Jil 




d!Cc]/<l(t] = [vo* 


(Cco-CO) 


* 1 (kai*ca* iCb-2 ) ) * (fc<t2*C4*C:« " <2* D 


k£3*cb*[Ce-2 






a[ce>/d(t) =,«<>* 


{CfcO-C*] ) 


• <fceZ*&.*cd) ĝ 


<I(C£h/dlt>.(vo* 


ic*cn:t]) 


-(k*J*Cb"<Cc~2J) o 


C.O-1.5 






MI.0.2S 







Cwt>.9 

Cfa-0 

ttu.g 

3*f=Ce/(cfi-<J.{>0DQl> 

Scd=cc/[Cti-0.0»001) 

3de=Cii/ ( C» »ŭ . oo 00 1 > 



/3-S» 



l:.xh 





i.jjszi 


1.34621 


0.113356 


1-77 JSJ 


1.77393 






o.iiĵgse 


0.00157303 




0.0347184 


*.0Ŭ?357lS 


» 


0.00155718 




1*«S7 
0.SJ1B4! 
71.6*61 

0.16374« 



= OS6i72o'/c(ffl 3 

C* = 1.774 

Cc = 0.095 

Cc = 0.114 

Ce = 0.002 

O ~ 0.008 



&z> = 0.S32 

Soe = 71.100 
ĵbf = 0.1 98 



/3-s? 



F13-17 eonfd 

IdeaiPFM 

t&m* and RTDfunctionE(t) = S(t-T) 



dV v 



where 



n = £-fe* t Gi.G I - 2Jbi Q. G>) 

Uo = u 



and so on for thc other species. 

d(Ce) /d(V) = ( (-kdl-Ca' |Cb*2) J - [ĵ-ka2*Ca'Cd) , 
d[Cht /d (V) = [- (Jtfcdl-Ca* [flj-21 t - (kfĴ-Cb- (Cr' 



^ ICe > /d [ v J = f j kilL "Cs * i Cb" 2 ) > * [ ke2 -cji *Cd) 


i-[k£3*tb. (cc*2 


) D 




2*k«*cb*(C(;-2 


I o 


<i(C»)/(i(T» = !l»l*C*.Ca}./ w 
d(Ot» /d (V) = [k£j*Cb' (ce-2 i ] / vo 







fcf]«5 







ĴiAlO.JS 






*«2»Ŭ.I 






W*li> 






5flf=Ce/(cf»J. 000*1» 






Scd=Cc/[Cd*Q.5ŬI>0L) 






Sd*=Cd/<Ce~D,00ODL) 






v ■ °- v * . 50 






tVsblea JM.3-1"? 






V^J-iblS ĥiitial valug SMiaun, „_ L __ 
C * l.S 1.5 


Hjniama valuB 



D.JlOOOfi 


FJBAl VjL_ 

50 

0.J1000S 


01 0.^7513 
Cc ° 0-157055 
0.1.30102 
Cf s 0.] 62141 
k£3 = 


O.Ĵ334S2 


0.31*182 
0.651626 
0.105506 

o.iBinoa 

0.J63U1 



/Ŝ-Co 



EIMZ c<mi'd 




Exit 



conceDtratiotts : 



Cs = 0.338 
Cc = 0.106 
Cd = 0.652 
Ce = 0,1 80 
O = 0362 

Segregated 
Sa> = 0.272 



Sde = 1 U30 
S& = 0.267 



SeJectivites : 

Sa> = 0,162 
&w = 3.6lS 
&* = 0.497 



Maximum M 

fe=0 28l 

Soe = 10.7 

Ser = 0.280 



CSTR 

Sa> = 0.S32 
■5w = 7l.lQQ 
&* = 0.198 



PFR 

Scd = 0,162 
Soe = 3,618 
&■ = 0.497 






/*-*/ 



No soulution will be given. 



P14- 1 



Problem P14-2, 



Part{a) 

A «DdMk» bctwecn R e ^d Da show what flow conditioi* (cha^terised b y Re) 
gives the gteates, or smalle* Da ,d henc, dispersion. To minimise 3JSXX 
of - 10- 20 orRe > io*gh« jfe Iowes t value for Da. R* = ££* tbe desigo of the 
212S! **J <*««*) ** * ^ &** -d fiowrate. To ma*imise 
Fbr a packed bcd, the dispersioo *, depeods on thc Schnŭdt number as wcll tt fl* 
Part(b) 

May be a good approaimation if C A does m change very much with time i e A is in 
ex CtiSj « wnich case C AO shonld not be djvided by a^thing 

Eti*iE!£ T t «PMHttMBj by recordrng tracer couccotratioos with 

time and using tne tanks m senes model for a conversion comparisoo. 

Part(c) 

£2 SSSSSL*" ^™ * u wh ™ *■ *»*■ B ° - 2 <-» " -* 

Part(d) 

Closed vessej dispcrsion model : 

q is probably the most important term ; q = \\\ 4Da _ L j 4 ^ ' 

so tne most import^t group of parameters is -L wrt con vcrsion. 



P14-2 cont'd 
PSirt{e) 

V = constant = ĵc.R 2 L = 3. 14*5 2 *636 = 49951 cm 3 
, 49951 

gives L ea ; 

x*R 2 
Figurt 14-5 frona thetext book3rdedn : 

Re.Sc = ^ 
forvaluesofRe,Sc> 10 ; 



Ffg 14-5 givcs dispersion coefficcnt D, = "— — 
\92*D*s 



Ist order reaction : Piunkohier no. Da = Tk = 5. 15 * 0.25 = 1.288 



where ^ 



M* 






IMzZ^nVd 



Using Eicel spreadstaee 














V (cm3) 


U (cm/s) 














49951,28 


0.01 






























D t (cm) 


L(cm) 


(Re)(Sc) 


D a (cm2/s) 


Pe 


Da 


d 


X 


1 


03600 


1000 


0.05 


5.21 


1.288 


1.410 


0.666 


5 


2544 


5000 


1.30 


26,04 


1.288 


1.094 


0.708 


10 


636 


10000 


5.21 


52.08 


1.288 


1.048 


0,716 


20 


159 


20000 


20.B3 


104.17 


1.28B 


1.024 


0.720 


30 


70,67 


30000 


46,88 


156,25 


1288 


1.016 


0.721 


40 


3975 


4O000 


83.33 


208.33 


1.288 


1.012 


0.722 


50 


25.44 


50000 


130.21 


260.42 


1.288 


1.010 


0.722 


60 


17-67 


60OOO 


187.50 


312.50 


1.288 


1.008 


0.723 


70 


12.98 


70O00 


255.21 


364.58 


1.288 


1.007 


0.723 


80 


9.94 


BOOOO 


333.33 


416,67 


1.288 


1.006 


0.723 


90 


7.85 


90000 


421 .88 


468.75 


1.288 


1005 


0,723 


100 


6.36 


100000 


52063 


520,63 


1.2B8 


1.005 


0.723 



A velocity of 0. 1 cra/s givcsi veiy large Pe values > 1000, and hence conversioa cannot 
be calculaterL 

However a velocity of 0.0 1 em/s gives a full range of results fof l to 100 cm tube 
diameters, 

It is clear that conversion increases with di&mcter, becausc the dispersion increases, 
better mmng. There is no diameter wbich provides a marimum or minimum 
conversion in this cange eJtcept at tbe extreme values of 1 cm to 100 cm. 

Part(f) 



Openvessel: £ = ^ + ^ 

from data : z- \tE(t)ds = 515imii 



a 2 = ](t - rfE(0dr = ]?E{i)dt - r 3 = 32,63 - Ĵ.IĴ 1 = 6.10 min ! 



/¥-J 



El4^coDi'd 



■m 



Iterating gives Per = 5 



ff 3 J2_ _8_ 



*=J1 



4Da 



Da = Tk*=5.IS* 0.25 = 1.2875 
q= 1.425 



-I- 



[(l + ^ e ,p(^)]-[ (l -^e Xp (-^)J 

4*1.425*e.xp(^) 



[(i + I.425) 2 <*p(Ĵ * 1 -<«%)]- [(I - M«aOf«^B * 142%)] 

= 0.665 
Closed model : X = 68 % 

Open modcl : X = 67 % 

Part{g) 

a = 075 = 0.15 

V^ + V^^V^l.Om 3 
v ŭ = u s + tk = 0-lm 3 /mm 



/4-¥ 



____2co_t r d 



= 0.15 






V^ = aV = 0.75 * 1 = 0.75m 3 

u 5 = u ŭ -ut = ^, - v p = 01 - (0, 1 *0. 15) = 1-O.015 = 0.085 m 3 /min 

„ = — = — — = 8.&2min 
u, 0085 

k = 0.2S m^kmol.min, C AC > - 2 fcmol/m 3 



2_fc 



ratelavv 
Stoichioi 



C , = i^C. + iic. = Hz^, 2 _^* o.72 = 0.912 
Xk> fe 0.1 0.1 



P_rt(h) 

Tbe modd in Fig 14-14a, assumes a "faster I ■ (channelling) reactor aitd a "slovvcr" 
uniform reactor. There is a exit age distribution for the fastcr rtactor which occurs as a 
distinct pulse c!early befoic the exit age distribution of the second reactot. The 
fraction of effluent which bas been in tbe real reaetor for less than time t, shows a step 
up from zero when flow leavcs from the "faster" reactor. This rraction is the fractioŭ 
of flow in the '"siosver" reactor, When the flow leaves rhe "slower"reactor this fractiori 
becomes one. 

The model in Fig I414b is PFR aud CSTR in patallel. The exit age distribution for 
the CSTR is a negative gradient curve, inteirupted by the distinct cxit age distribution 
pulse of the PFR, The CSTR will always provide a fraction of effluent which has been 
inside the reactor for less than time t, which increascs with time. But when the 
effluent exit& the PFR at a specified time aftcr zcro, rhis increascd effluent is 
superimposed upon F9t) of the CSTR, giving a combined F(t). 



= 0.5 



1-c 
~~ \-$~ 



15 



A/-Ĵ" 



Ca, 






Vi 



PFR mol balance : 

rale law : 
Stoichiometry : 



dX _i_ 

dV ~ Fao 

-i\=fe.c A 2 

liquid pbase 

V 



C* = C At >(l-X) 






Decurmining a and P : 



E = y A o5 

E=0 

3 Vi v* 



P V W 



_CS 



V-25i>i = l-5V-7_5tJi 
0.5V = 5 ui 



V-slO-Ui 



M^ 









m 

gives 
substituting into 



P14-2 coot'd 



tf = %5_^ = 05 

P % 2.5 



tt + n % + % 






% + %** 

V, = 2.5^ -4 V 2 = 7.5v2 

ti = 2,5min -C; = 7.5min 



2£0 + €)in{l-X)+e i X + 



0.1*2' U-JŭJ 



(1+£^X] 
1-X J 



-> X,=0.5 
C A i = C A0 (1 - X, } = 2 (1 - 0.5) = I mol/dm 3 



0.1*2*Ll-3fiJ 

4^ 



Caz = Cao (1 - X 2 ) = 2 (1 - 0.75} = 0.5 mol/dm 3 
Ĝn.+ Cfe 1 + 0.5 ,.,, ... j 



//-^ 



. 



ProbJcm P14-3, 

Using the tadt in series modeJ ; 

seeond order reacti on X = 2fla + l-V4fla + l 

2£>a 



where Da = kxC A< 



Ca-C^CI-^) X = -^^ 



Assume that t = x t anŭ that io reactors modeJled ŜS more than one tank, that r - - 



Numbcr of tanks 



r romnfed tp the nearest integer 



Reactor 



Green & white 



Scarlet & grev 



Orangc & b luc_ 



Purple & whitc 



Siiver & black 
Crimson & white 



o" (min) 



t (mi n) 



0/iO 



0.61 



0:5'/ 



0.72 



C>, I 



0.72 



0.5 



Scarlet & grey : X, = 0.5, C A] ^ 0.5 -* X 2 = 0.33, Ca2 = 0.3 1 -# X = 069 
Orange & blue : Xl = 0.43, C Ai = 0.57 -> X, = 0.34, C^ * 0.3S -* Xj = 0.27, 

Ca3=ŭ2S-»X = 0.72 

-^Xr * *• fo " owod by ™ * *• **** *- 

X, = 0.5, C A , = 0.5 -» X 2 = 0. 17, C^ = 0.41 -> X = 0.59 

Tbe oraiige & bhie or siiver & bhck reactors whjch both a pproximate to 3 taob in 

senes give the greates conversion. ^^ 

Partfl,) 
Try: 

Creen & white a*d Jvtee & bluc : Xl = 0.61. C AI = 0.39 -> X, = 034, Ca2 = 0.26 -* 

X = 0.74 



El££cont'd 
Scarlet & grcy and Maze & blue : X, = 0.69, C A , = 0,31 -» Xi = 0.42, C« = 0.18 - 






Orange & bluc and Maze & blue : X, = 72, C Ai = 023 -» X 2 = 0.40, C M = 0J7 -» 

X = Q&3 

The higbest conversion b oow obtained from the Grange & bhie reactor combirtcd 
with the Maze & blue reactor. 



Problem 14-4; 
lstorder, kj = 0.0167 /s, e = 0.5, dp = 0.Ic 



v- — = 0_01cm*/ĵ 



L = 10cm, U = lcm/s 



Re 



i Ĉ S- = ] Sc = no data conceminE Das 

/f 0.01 Dm 



From pacfced bed correlation for D a , and liquid pĥase regjon of graph, 



_D. 0.4 



4 g exp(^) 



: "[o^M^H^M^J 

1 J»*r 



Da = Tk and xr= — = — = 10* -4 Da = 10*0.0167 = 0167 

-*■ q = 1,013 



//-f" 



_ 4*UM*exffi_) 

"[(I + 1.013) ! expp5*1.01^)j_[ (1 _ LO1 ^ exp (-25*i.01^)] = 



ConvemonX = 15% 



Part{a) 



Problem P14-5* 



Assuming the Peclet-Bodenstein relatioo : n = — + 1 

2 



To estimate Bo, 



Re = ^„^_1000 
v 0.01 



5c = 



v 0.01 



Dv> 0.005 
From gas phase dispersion eorrelatioD chart, 
gives 



ro 



3* 200 
80 



u.dt 
D 4 = 8*2*5 ^SOtV/s 



n = - + 1 = 3.5 

Part{b) 

Using indivjclual reactor material balances : 

Reactor 1 : 



mol balance : 



Fao 



//-/*> 



stqichiometry : 

chŭŭge 






Reactor 3 : 



Reactor 4 : 



Pl4-5 cont'd 

-U-k.C A 2 

C A = Cxo(l-Xt) S = aiid £ = hence no vŭlume 



t,C M 1 (l-JC0 1 _ 25*0.01 , 

* 1_ v.ao 0.039 

X^- 6.366 (1-X0 2 Hf 0.674 

C M -= C A0 (J - Xi) = 0-003^6 mol/dm 1 
y _^_0_^ __i___25j^0326_ 20g97 
* 1_ " V " (I-X0* 0.039 

X! = 0,507 

C^ = C A] (1 - Xj) - 0.00326 (1 - 0.507) = 0.001607 mol/dm* 



Xt = 



k.C*i(l-Xif Xi _ 25*0001607 



1.0302 



^{1-Xĵ) 1_ 0.039 
X 3 = 0387 

C*3 = C« ( 1 - Xj) = 0.001 607 (1 - 0.387) =- 00OO9S5 mol/dm 3 
fcC*J (1 - X*) 1 X* ^ 25*0.000985 



X* 



- = 0.6315 



(1-X*) 2 0.039 

X, = 0.305 
C M = C^ (1 - X*) = 0.0O09S5 (1 - 0.305) = 0.OO06S5 mol/dm 3 



Bounds on conversion 3 tanks 



Cao 



Part (c) 

Let U = 0.1cm/s 



Re - 50 Sc = 2 



/</S/ 



£U^5cont'd 



gives D, = 0,5 *0- 1 *5 = 0.25 cm 2 /s 



n = — +1 = 41 probsibly giving a conversion - 99-99 % 



Let U = 100 cm/s 



Re = 50000 Sc = 2 



gives D a = 0.2 1 * 1 00*5 = 1 05 cm 2 /s 



Part(d) 



105 



Re=^ = ^± = 8 Q 
i 0.01 



From packed bed dispcraion corrdation chart, — - = 0-55 

u.df 



„ 4 * 200 _„_ 

Bo = 727 

1.1 



/¥V£L 





Zl&£conVd 


Part(e) 




ParT(a) 


fi P -faP_ 3*4*0,001 
M 0.1 




i>« 5<?~6 



tTTiis is off tbe scale of d* graph for Iiquid phase dispersic-n, be nCe D c 
be evalualcd. 



^7.54 
Opeu: 



W % Fej 



-=:4.40 



l + 2/rt? r 

%deadvolume = 3 = 37 2% 

420 



/*</-* 



X=l~- 



P14-< eontM 

4qexp(Pe r {2) 



Ŭ*?f exv(Pe r q/2)- (l-gf «p(- Pe,q/2) 



- 0.570dispersion 



£>a-*T = 0.927 



I 



PFR:*=i-,T* 

GSTR:3T = 0,481 
Part(d) 

Tanks in series model : 



= 0.56S T tauksbiseries 



a 2 2.4* 



l&t order reaction, so n cao be a non-iiiteger i 



(i+«*r 



/¥"/¥ 



?14-ft cont T d 



H<! HSH 



7^ = 0^1 



PFR : X-l-»*=l-e*-l-e* w = 0J5 



CSTR: X = 



1 + rt 1 + 0.797 





X 


Dispersion 


53% 


Tank in serics 


51% 


PFR 


55% 


CSTR 


44% 



Frobkni F14-7 A 

lst order , ineveisiblc, pulse tracer test -* o 2 = 65 s aiid t_ s= 10 s 
Fŭr a lst order reacticm, PFR : X = 1 - e "* = 0.98 

Need i aad k. There being no dHa for diffusivitv (Scfunidt number) D a and hence Pe^ 
cannot be obtained using tubuiar flow conelations. 

Therefore assume elosed vessel dispcrsion niodfl : 

t_ = t = lOs 

ln(l-3Q ^ ]n(l-O.9S) _ 03gj -, 

1 10 



ĥ 1 Pe, Pe, 2y f 10 1 



V-/5" 






Rl4z2<:oiit*d 

iterating -s Pe T = 1.5 






Da= ___ = 10*0,39 = _9 



L 4£>_j |, 4*3.9 ,_„, 

x _,__ 4._W»«^jfl fe 

[(1 + 3.376)= -TP^JHO-^Ttf-^-U*"^] 

Conversion for the real reactor assuming the closed dispersion model b some what 
!_&;_ than for the ideal PFR. 



Problem P14-8i. 



t (min) 


C(t) 


E(t) 


t,em 


(t - tmr2.E(t) 


0.3 








0.000 


0000 


0.6 


0,2 


O.046 


0,028 


0.444 


0.9 


0.5 


0.115 


0.104 


0,907 


1.2 


0,7 


0.161 


0,193 


1.013 


1.5 


0.85 


0.196 


0.294 


0.956 


1.8 


1 


0.231 


0.416 


0.841 


2.1 


1 


0.231 


0.48f 


0.597 


2.4 


0.95 


0.219 


0.526 


0.375 


2.7 


0.85 


0.196 


0.529 


0.199 


3 


o.e 


0.185 


O.SS5 


0.093 


4 


0.65 


0,15 


0.600 


0.O13 


5 


0.5 


0.115 


0,575 


0.192 


6 


0,35 


0.081 


0.486 


0.426 


7 


0.25 


0.058 


0.406 


0.629 


8.5 


0.125 


0029 


0.247 


0.666 


10 








0000 


0,000 



. 



//-/' 






ri*-8 cont»d 









15 






O.B 






gftft 






0.4- 






Ŭ2 








0.3 06 0.9 1.2 fwS 1.B- 2.1 1*J7 3 4 5 6 7 U 10 


Tlmafmtn) 


&2S 

05 






0.15 

™ 0.1 


/ ^N. 




0.05 









&3 0,6 0.9 tj( 1.5 1.B 2.1 2.4 Z.7 3 4 5 S 7 85 10 


Tknw (mir>) 



Jc«* 4335 

f_ = jt,E(t).dt = 3.70Smin 

Part(ĥ) 

Choosing ihe tanks in series modej : 

a 2 = ĵ(; - M 2 £{r).d/ = 4.144 tnin 1 

D 

O 1 4.144 



P14-8 cnnt'rt 
Part (c) No solution will be given. 



ProblemPl^ 



Part(a) 

Plug flow reactors in pajaJiel. 






Q 







C(t) against time t 








25 










20 










1* 

E 
— fŭ 

5 




r^— ****** 






10 1 


1 12 13 1 


4 16 16 17 13 19 20 21 £2 53 24 2S 26 27 23 29 I 


3 


Tlm* (mln) 



//-/* 



• 



P14 9 copl f d 



time (min) 


C(() 


E(t) 


X(t) 


X(t)E(t) 


F(t) 


tE(t) 


t*2E(t) 














L0€ .; 











10 








0.5 


0.0000 











11 


1 


0.0034 


0.52 


O.0018 




0.0374 


0.4114 


12 


4 


0.0133 


0.5454 


0.0075 




0.1656 


1.9872 


13 


7 


0.0241 


0.5652 


0.0136 


0.03097 


0.3133 


4.0729 


S 14 


8 


0.0276 


0.5833 


0.0161 




0.3864 


5.4096 


15 


&5 


0.0293 


0.6 


00176 




0.4395 


6.5925 


16 


e.9 


0.0307' 


0.6154 


O.0139 


0.1251 


0,4912 


7,8592 


, ' .17 


9.2 


0.0317 


0.6296 


0.020O 




0.5339 


9.1613 


18 


9,5 


00327 


0.6429 


O.0210 




0.5886 


10.5948 


19 


10 


O.0345 


0.6552 


0.0226 


0.2327 


0.6555 


12.4545 


20 


11 


0.0379 


0.6667 


0.0253 




0.753 


15.16 


21 


15 


0.0517 


0.6774 


0.0350 




1 .0857 : 


22.7997 


22 


20 


0.0689 


0.6875 


0.0474 


0.3866 


1.5158 


33.3476 


23 


22 


0.0756 


0.697 


O.0528 




1.7434 


40.0982 


24 


23 


0.0793 


0,7059 


0.0560 




1.9032 45.6768 


25 


23.5 


0.031 


0.7143 


0.0579 


0.6434 


2.025 


50.625 


26 


24 


0,0827 


0.7222 


0.0597 




2.1502 


55.9052 


27 


24.3 


0.833 ; 


0.7297 


0.6115 




22.626 


610.902 


23 


24.5 


0.0845 


0.7368 


0.0623 


09206 


2.366 


66.248 


29 


24.5 


0.0845 


0.7436 


0.0623 




2.4505 


71,0645 


30 


24.5 


O.0845 


0.75 


O.0634 


1 


2.535 


76,05 



B(i) = - 



_f_ _ C(t) 



}C(t)di 



F(t) = JE(t)di 



Part( 



Part (d) 

Segregai 



Part(b) 



n v i C(r)di : 

vjc(t)di d 

10 

V rt = G.25V_* 

Fr\ uCrl 9.0 

F**i vC™i 24.5 ' 



Part (e) 
Maskntir 
Using Eui 

J_j___j 

30 
28 
25 



//■/? 





E14z2coitt'd 


irt(c) 




PFR: 






C*oU-Jf J 



H-KTagJ l+kCwl 



(0.0<W / min) 



K *&m 



Part(d) 

Segmgation modd : X = j X(r)£0) 
AC*o/ 



X(0 = - 



l + ArCtpf 
X = 0.69 
Part(e) 

Maximum mis&dness model : 
Using Euier's method for numerical iiitc^ration. Start with X = 30 min and X = 



X (min) 


X 


30 





28 


0.2 


25 


0.2557 


22 


0.3357 


19 


0.4228 


16 


0.4782 


13 


0.5242 


10 


0.5921 



M^o 






7 V Iffi 3 

Dispersi^ model : J £(t)dt = 231307 t - - = - QoW/[nill " 

]r ! E(r)<ŭ = 557.969 
t^ = 557.969 - (23.l307>+2+ = 22.94 



Pe r = 23 
Da = k.C«,.T = 0, 1 *23. 1307 = 2-313 



-fWf^- 



P^_ 23M.1S _ 13 ^ 

2 2 



W^) 

4 * 1.18 * exp( 2 }_) 

" [(1 + US) 2 wp<13.6)]- [(1 - 1-1 tf «p(-13-6)] 



Convcrsion 
PFR with bypass 0.63 

Segregation 0,69 

Masimum misedness 0.59 

Dispersion 



#-# 



Probtcm F14-T1 f 

2nd ordcr iireversible reaction, isothermal, 

V = 1000 dm ĵ i>o = 1 dm 3 /s k = 0,005 dm 3 /moLs Cj^ ^ 10 



(1) Masimom scgregation ; X = 



kCAot 



0.005*10*/ 



1 + ŭGttf 1 + (0,005* 10*0 



X = jX(t)E(t)di = QMS 



t 


ek m 


X(t) 


XME» 


m 


«SN 


t^Eft) 


5 


3.187E-03 


0.200 


6.37E-04 




OOOOE+00 
1.594E-02 


0.00 
0.08 


10 


3.124E-03 


0.333 


1 .04E-03 


0.032 


3,124E-£2 


0.31 


25 


2.945E-03 


0-556 


1-64E^J3 




7.363E-02 


1.84 


40 


2.776E-03 


0.667 


1 .35E-03 


0.118 


1.110E-01 


4.44 


70 


2.468 E-03 


0.77S 


1 .92E^)3 




1.728E-01 


12.09 


100 


2.194E-03 


0.833 


1 .83E-03 


0.265 


2.194E-01 


21.94 


175 


1.637E-03 


0.397 


1 .47E-03 




2.865E-01 


50.13 


250 


1.224E-03 


0.925 


1.13E^3 


0,51 


3.06OE-O1 


76.50 


325 


9.184E-04 


0.942 


B.65E-04 




2985E-01 


97.01 


400 


6.913E-04 


0.952 


6.58E-04 


0.648 


2.765E-01 


110.61 


700 


2.366E-04 


0,972 


2.30E-O4 




1.656E-01 


115.93 


1000 


9.755E-05 ; 


0.980 


9.56E-05 


0.818 


9.755E-02 


97,55 


2500 


2.691 E-05 


0.992 


2.67E-05 




6.728E-02 


168.19 


4000 


1 .839E-05 


0.995 


1 .B3E-05 


0.928 


7.356E-02 


294,24 


7000 


8.639fc~06 


0.997 


8.66E-06 




6082E-02 


425.76 


10O00 


4.104E-06 


0.998 


4.10E-06 


0.984 


41O4E-02 


410.40 


150OO 


1.176E-06 


0.999 


1.17E-06 




1.764E-02 


264.60 


20000 


3.369E-07 


0.999 


3.37E-07 


1 , 


6.738E-03 


134.76 




M^Sl 





P14-11 cont*d 






F{t) against tima t (s) 


j 


O.fl 

0.4 

0-2 




* ! 


: ?:.'^'!'* 


* * r & # # s ■ .# # ^ / 





(2) Maximum mixedxiess ; F(t) = J E(r) dt 
o 

Wheŭ t is sroaJJ, the plot E(t) vs t is very much a straighE line. Therefore we can 
inlerpolate to obtain inteimcdiate vaJues of E(t). 



Part 
Taale 



t 


E(t) 


F(t) 





3.25e-3 




5 


3.IS7e-3 




10 


3.J244-3 


0.032 


15 


3.064c-3 




20 


3.0O5e-3 


0.062 


25 ' 


2.945e-3 




30 


2.889<t-3 


0,091 


35 


2.832e-3 




40 


2.776ĉ-3 


0.1 1S 


45 


2766e-3 




50 


2.673e-3 


0.143 


55 


2.622e-3 




60 


2.570e-3 


0.169 


65 


2.519e-3 




70 


2.46Se-3 


0,194 



Partfc 
TwoC 
Assunn 



//«£* 



P14-1T confd 



X 


X 


70 





60 


0.5 


50 


0.61 


40 


0.67 


30 


0.70 


20 


0.72 


10 


0.74 





0.75 



Part(t>) 
Tanks in series ! 



]iE{i)dt = 995 
o 

jrE(t)dt = 5.656e6 
o 

a »4.4||U 

O 3 A.666e6 
v , 1 



(1+TlJt/ 



n J l 0.214 } 



X = 0.495 

Part(c) 

Two CSTR's in parallcl 

Assume the two CSTR's are euual in volume 

^ _ E\oX wX 

-r A ~ LCUoil-K) 2 



HW 



with 



Vi = Vi = 



P14-I1 confd 

i 
and uoi = uoi = - 



, the conversion X, will be thc 



2 2 

same as for one CSTR with volume V and flowiats Vo - 

r "* 

X _ Vkao _ 1000)0.005 * 10 _ ĵ0 
(1-jtf Vo 1 

gives X = 0.868 hut itcmtion (or could sc-Ive the quadratic) 





glVGS JV — u.ouo uuv lu^in 




Part(d) 






For a CSTR 


v m 

k.CAC(l-X? 




From Pait (c) X = 0.S6S 




For a PFR : 


kCAOC 

l + kCtot 


Fort = T,Xcj 


Sumniaij : 




Conversion, X 




Maximum segregation 


0,86S 




Minimum segregation 


0.75 




Tanks in series 


0.5 




2 CSTRs in paraliel 


0.868 




Single CSTR 


0.868 




Single PFR 


0.980 



d-eV 



(a) PLotE(t)vst 




aGCQ o.oao ulooo ' 2V. daa 3<f.oca W.cao £o.ooa 

(b) PLotF(t)vst 



i.aoo 




)0Ŭ 12.000 24-000 36.000 43.000 £0.000 



(c) Find t„ 



//<tf 



0.1 00 



H4-13 coitfd 




0.D0D L2.000 24.000 3S. 000 40,000 60,000 

t m =x^ \tE(t)dt = 9.95 

(d} Fraction that spends between 2 and 4 minutes 




0. : S30. 12.000 24.000 3^.000 48.000 £0.000 



Fract = \tE(t)dt=U2% 

(e) Fcaction that spends longer than 6 Lrtinutes 



rfv 



P14-13 confd 




Fract = J^E/fM = SB.3% 
(f) Fraction that spends less than 3 minutes 
0.100 




" 0: ^ ^000 24^000 ' 3&000 

3 

Frart = jf£ftM = ig.4% 

[) 
(g) E(0) and F{9) v* 9 



/V-5S 




0.000 i- £ao 



^2oo H.aoa ^oo a.°o° 



(h) Reactot Volume: 

V"VT 

(j) Plot I{t) VS. t 



pfaf 



F J4- U confd 




0-000 12. 000 24.000 36.000 W.000 SOloOO 

«* * ĵtf(0<ft = 8.63 

(15 Plofc A(t) vs. t 



//■*> 



P14-13 ccrafd 



c, = e Ae (i-.x) 
v= *c^(i-jq j 



- 1 



(t-X) 3 
X = 33.2% 



tp> 



Ftnd -the tonversion for a segragation model. 



■ 



dX -r A V 
dt N M 

di 

i(i-x) 1 J 



X = ]x(r)£(ŭ4f = 42.3% 



/y-3> 



«0 Rnd the conv ersion for , ma , iinum ^^^ ^. 
^ C, T^U) W 
mtegrate from * e » -* using POLVMAIH 

d<0, #!>*-£ 

C30=I 

E=K (J»<«3) then <EI> sls* cE3J 
=0 '0* ij ■ *0 



tmttal val ws 



Jf = 40,4% 



w 



P14-13 cunfd 



1.500 

1.200 - 
0- 300 
0- £00 - 

0-300 

0.000 



jn) 






ISmo" 2+W M.0O0 TS-OOO «SD-000 

W Fuvdthfimeanc^^ticactivitr^ithasecondor^rdecar^ 



di 

where 
fo =0.1i" 1 






$ 



1 
S ~6; + l 

1 * 0.0725 



(o) 



V-3/ 



P14-13 cont'4 

(n) Find the conversion for a PFR with a second order reaction where 

kC,. sŭ.lmŭr 1 



dX . -r t 
dV~ Fao 








-r^kC\ 








c A =c A9 ( 


-X) 






dX _ kC M 
dV 


{\-X? _(Q.\){\- 
v 10 
«j 

= Jo.oyv 

B 


iE 


i^-"" 






X = 50% 









(n) Find the conversion for a lanŭnar flow reactor. 



tl>- 



= JtEftĵd - 



With a second order reaction occurrirtg, 



l + 0.1r 
The mean conversion fbr the svstem is 



X = \X(r)E(t)dt = 443% 



( ) Find the conve-rsion for a CSTR. 



rf** 



P14-13 coafd 

^ How many tanks are needed to represent this reactor in a tanks-irt-series 
model? Find the eonversion for a firsr order reaction where 

jfc = 0.lmin -1 




o.aao 1 2,aoo 2*,caa 36.000 48,aoo 



^ = JmX'-U idi=75 - 2 



n = 


~-=U2 


X 


, * 


(1 + *,*)' 


f, 


V 


X 


= 52.4^ 



$ Using the dbpersion model, hnd the Fedet number, What is the 
conversion of a first order reaction where 



*-0.1min 

For a Closed-Closed Vessel: 



rf"& 



n±u cout*d 



r 1 Pe f P e * r V 
P* r = 0.3S75 



<-l 






x=S2 75t 



For an Open-Open Vessel: 

r 3 Pe r + Pej: 
Pi r =4Ml 
£c = t* = 0.995 



"^7 



; *'35 



Note: Conversion cannot be calcutated using the previous!y fcund 
equation bccause the boundary conditions are not the same. 



For sccond onfer rxn: 

Dŭ = kC M T^ 0.995 
For closed system: 




Pe, = Ŭ.SS75 



//-3ĉ 






P14-13 c<rat'd 



(u) It is suspected that the reactor might be behaving as shown below. What 

is the "backRow" from the second to the first vessel as a multiple of v ? 







v 2 














v 


v o 












- 





v ^L = v iC; _( V( C I + v t t,) 






V^ = (l + j3h 



*J 



^-(l + flv 



1 -f + c 
v,(i + fl) ^ 






i_ 



-2(I + ;3K± 



^f^mm 



We wiLl define m, as: 






H-S7 



Cj is derined 35: 
C,= J 4c" v 



F14-13 confd 



h£ e "'' 



Because m, is smaller in magnitude than mj, we know that m, vvill dominate 
at higher times. Therefore, at large time, 

c = a*-» 1 

Whan we grapĥ InC vs. t, §3g slope at farge time will be egual to m r 



tlmg (mi 




The slope was found to be 0.1173. 
Solvtng, we find that /J = 1.0. 
So backflow=v 

(v) 

Reactor 1: C Xa v a + C A3 v - 2C Al v ŭ - kC\ v V = 
Reactor 2: 2C Ai v - C AI v - C„v, - JfcC^V = 

Solving for C Al in Reactoc 2 vields: 
JC^v, = 2C A ,v ft + kC 2 Al V 



M& 




P14-13 coDfd 



( V ) 

Plugging into equation 1 and simplifying t = — = 0.995 * 5,C Aft - 1 1 

SPt 



Wegst 

l 



Solving by trial and error: 

w) 

Reactor Model Conversfon. (%) 

PFR 50.0 

Laminar How 44-3 

CSTR 33-2 

Segregation 423 

Maximum Mbcedness 40.4 

Tanks in Series 52-4 

Disp ersion (Closed-Closed) § 2 * 8 

Dispersioo. (Open-Open) 

"Backflow" ^tS-S 



H-& 



